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PESCRiniON 

DN A TYf LNC; BY MASS SPECTROMETRY WIT H 
POLmOKPHTC DNA REPEA T MARK1<Jt& 

BACKCRQL'NIl OF T HK INVENTION 

5 A. Field uf the Invention 

The prcsetii invcnlion is gcnLTdlly directed u> the field of genetic idcotity 
dcUxriiun including ibreiviie idcmificaLion m6 pateauty iL'slini> as wvil as genetic 
mapping. TIk; prcw;m inventim is more speciduaiiy directed lo die use oi mass 
^pi^ctTometry to detect length vai'laticm?; in DNA uucler^lidc sequence repeals, oftsn 
1 0 referred to as shorl Umdem repeats STR")^icrut»aellite repesta or simple se-quencc 
repeals The invention Ls also diiected to DNA sequences pro\'ided for the 

analysis of STK pol>'morphi!!n\^ at .specific loci on specific cliix>mosomoy. 

n. Description of RcMed Art 

Polysmvphic DNA tandem repeat loci arc ujsefui DNA markers fift paternity 

15 tcj^ing.. htqnan identificauon^ and genetic mapinug. IHgtieroryanisans* includizig 
plants, animab und iiumans, contain segmenui oPDNA sequence wiih vaziable 
sequence zepeflcs. Conimonly si7ed xiqjeats include dinucleotid^ 
tctraouclcoddes and laiscr. Il^e nnmhcr ofrepeats oceiurriqg at a particular genetic 
locus vaiy depending on die locus and tlic individual &om a fc^^ to hundiedi;. The 

20 :&oquence and base conqjositlon orropeats can vary significantly, not even cemain'mg 
constant within a particiUar nncleoiide x«peat locus. DNA nucleotide nepet^i:^ are 
known by several different names including microsaiellitc t)^)eats» simple sequence 
repeats, dicfttandera repeals und variable nucleotide taiKlcmr As used herein, 
the temi 'TINA landem nuclcodde repeal" riTl^-) refers la all types oftand«n 

25 xep^t sequences. 
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Uhousands of DTNR loci have been iUenlified in the human genome and have 
been predicted (o occur as frequenily us once e\*ery 1 5 kb. Pi^^ulation studies have 
been undertaken on doyens of tiiese STR murkers as well as extensive validation 
smdics in forensic laboraioriiirs. Specific primer sK^qucnccs located m ihc regions 
5 flanking the DNA tandetii repeal region have been used U) amplify al1dc$i Trom DTNR 
loci via die |X>1yincr;i.se chain reaction ("PCR*"*"")- Thus, the PCK"^ product:? include 
ihc polvmorphic re^^eai rvgion:;, which vary in l^jo^th depending on ihe number of 
repeacs or partial repeats, and the Oanldng cegirm.% Vftich are typically of constant 
'lex^ and sequence bolween samples. 

1 0 number of rq)cais present for a patticuJar individual at a pitrticular loci^ is 

described as the alldc value fct ihc locus. Bcclulhc mosl chromosomes arc present in 
pairs, PCll™ ampUficaiions of a singli: locus commonly yields two different s-iwd 
PCR™ products representing two different repeal numbers or allele values. The range 
of possible repeal numbers for a given locus, determined through experimental 

1 5 sampling of ihc population, h dcfmed as the allele range, aiid may vary for each locujf, 
c.i'., 7 to 15 allele?;. Tnc wilele PGR™ pjyjuct size range (allele size range) for a 
given locus is defined by tlte placement of die two i^CK.™ primers relative to the 
repeat region and the allele range. Tlii; sequences in rc&ions llanking each l^nis must 
fae fairiy conserved in order Tor the primers u> anneal efFectiwly and initiate PGR™ 

20 amplification. For purposes of gewlic analysis di', uK ™d teutmucleoUdc repeats in 
the range of S to 50 arc typically utiliTcd in ^eeas« 

\f any different pruncrf huve been designed for various DTNR loci and 
reported in the literdiure. These primos anneal to DNA sequeDces outside IheDK A 
tandem repeat region to produce PCK^ products asually in the size range of 100-800 

25 bp. ThcM;primen9 were designed with polyacrylamidegdelectrci^^ 

in mind, bocaoso DNA separations have traditionally bmi peitbrmcd by slab gel or 
cainUaiy electrophoresis. However, with a mass speclrumctiy approach lo IvrKR 
^ping and analysis, cxamiiung smaller DNA oligomers is ad\'axitageow( because tlie 
scndtivity of detection tind mass resolution are superior with smaller DNA oligomers. 
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The ad\*anuik»i;*; of usdng mass spcctn>inetr>' tor chiLraclcnzinj; DTNRs include 

a diiuratic increase in boiii ihe speed of analysis <a few seconds per sample) nnd die 

accuracy ordircci massmeasitrcmcntb. In contrast dccirophorctic med^ods require 

signiflc-antly longer lcn{$dis of lime (minutes to houj's) and can only measure the $i?c 
5 of U'lNIls as a function of relative mobility \o coinigcating standards. Ocl*4?ased 

&C|)aratiun systems also smff«r liom a number oruriiCicis IhHl reduce the accuracy of 

size measurements. These mobiHiy artifhcts are related lo tlic specific sequences of 

UNA fre^ments atid the persistence of ^'cumdiuy and terdory Rtnictur»l elements even 
'under hiRhly denamring conditions. 
1 0 The in vetitons have perlbnned significant Vfotk in developing timc-of-ilight 

mass q^cctrometry CTOF-MS'*) as a means fur separating aiKl sizing DKA molccu1cs» 

although other forms of mass xpcclrometry can bo uiscd and are within itic scope of 

this invration. Batancinjj the throughput mi bigli mass accuracy advantages of 'iOF- 

Kf S \^ the limited ^e range for which the accuracy and resolution necessjfry for 
1 5 chamcterizing DTKRh by muss spectrometry is available. Cumenl $tate of the art for 

TOF-VfS olTcra single nnclerjlidc resolution up to -'1 00 nucleotides m size and four 

nucleotide resolution up u> -160 nuclwiides in size. These numbers nre expected to 

grow an nuw improvements arc developed in the mass spectrometric field. 

Existing gd-based protocols for the analysis of DTNRs do nol work with 
20 TOF-MS because the allele VCLU^ prodaci siw range, t>'pically between 100 and 800 

nucleotide is ouUnde the current resolution capahiliiJes of TOF-MS. Applicaiion of 

DTNR analysis to TOF-MS requires the devdopment of new primer sets tliirt produce 

small FCR™ products 50 to 1 60 nucleotides in length, preterably 50 lo 100 

micleotidcs in length. AmpUfted DMA may also be used to genQ:ate sitiglc stranded 
25 UNA products dun arc in Ihe preferred size range for TOP-MS analysis fay extending 

a primer in the presence ofa chain termttiation reagent A typical class of chain 

termii^lon reagent commonly used by those of skill in tiie art is the 

cfideoxynueleolide irqshosi^iaEcs. Again, application of D'il^R analysis to *i*UF-MS 

requires thai the primer be extended to generate prvducls of 50 to 160 nucleotides in 
30 size, and jneferably 50 lo 100 nucleotides in length. 
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(jcl-bascd sysieiii5>5M:e capable ot'niulliplcxing the analvf^is of 2 or more 
DTNR loci using r\vo approaches, llie first approach lo partition tlie diFT^rent 
l^CR"""" produci Inci, Sue pardtioning involves designing flic PCR™ primers U5;cii lo 
amplify different loci ihiil that the allele PCK'^ product size range Tor eacli iocu& 

5 covert a cKITcrent and separable part of the gei si?je spectrum. As an example^ Ibe 
PCR™ primers fur Locus A might be designed so that the allele size rajige in from 
250 to 300 nucleotide;), while tlie primers for Locus B are designed lo produce an 
allele <!ize riinge from 340 to 410 nucleotide!^. 

Hie second approach to mul telexing 2 or more T)1 NR loci on gc]*hascd 

1 0 systems is the use of q>cctroscopic partitioning. Current suue of tlie nrl lor gel-based 
systcn\$ iovolvcs the use of Huotescent dyes as» s-pLxiue sqpectroscopic mark^ for 
ciiflisrent PCR™ amplified loci. DilTcreni ehrumophorcR that emit light at difTercnt 
color wavelengths provide the means for differential detection of two diilereni PCR''''" 
products even iflhey are exactly the sjtme size, thus 2 or niorc loci can produce 

15 PCR"'^ products with allele size ratiges that overlap. For example, T^oeus A whh a 
green iluoresceni lac; produces an allele size rjnge from 250 to 300 nucleotide*;, while 
I^CUS B with a red fhioresccnt tag produoori an allele size range of 270 to 330 
nucleotides. A .scitnning, laser-exeilecl fluorescence dciceiion device moniUirs the 
vr-avdength of etnisskwis imd assigns different PCR™ product si7jcs, and their 

20 correspondin<» allele vahies, to their specilac loci based on their fluorescent color. 

In conirafO, miivs spectroirK^' dxrccUy detects the moloenle preventing the use 
of optical spectroscopic partitioning as a means Sox roultEplexIng. While ii is possible 
TO have a limited use of size partitioning with TOF-MS, the limited size range of high- 
resolution di^ecuon by '1X)F-MS makes it likely thai only 2 dilTerent loci can be 

25 niul(q)h»Cied and size paflittoned. In many cascs> it may not be possible to e\'en 
mnltiplcK 2 loci and maintain a paitidoning of the 2 different allele dze ranges. 
Uhoefons, new methods ane needed m order lo eiriploy mass specm>metr)' for tlie 
analysis of muhiplexed UTNSs. 
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SU MMARY or THE n<\TNTION 

Tl \^ therefore, a grial of the present invcnlion to provide newly dcsirzaed 
PCR™ jWiitiCTTs which are closi^ to the repeat regimu? then have previously been 

5 empJoyed providing fur Ihc efficient aiuilysis by TOF-M.S. Speciflc»lly« the hivcntion 
pawides oligonucleotide primen designed to characterize \'arioiis DTKR markers 
iLScful fur humun identity 1e$4in|z. The primerfi htv roriise in PCRP^ amplificadon 
schemes^ however, one of skill in Uic art could, in liglii of Iho present disclosure, 
'employ ttiem to generaic a^qpiopriate $im: nucleic acid produces for TOF-MS analysis 

1 0 usir^ och^ mdhoiis of extending one or more of Lhc disclosed primers. Additionally, 
these primers and tlieir extension pnKlucts are siutablc for detection by mas<% 
spcccromctiy. l*h\is, applieuiions of dii<« invention include forensic and patemny 
testing and genetic mnpping studicH>. 

An embodiment of (he presera invcnuon encompasses an oHgonudeotide 

1 5 primer for use in ;inalyzittg allele:; of a DNA tandeni nucleotide rqpeat at a DNA 
lAndcni aucleotide repeal locus by mass spcclromeiry. which includes a nucleotide 
sequence thai etiniuins a flankiity region of the locus where the jHrimer uiwn Lxiension 
tyuerates a product thai U cupable of being aiial>TOd by mass specl^>^lctrJ^ 
Prefera}>ly. the oligonucleotide primer's 3' end will be complementary to arejfwn 

20 flnnking a DNA tandum rq)eat region immediately adjacent U> the DNA tandeiu 

n&peat n^wn or may fcrthcr cxlcnd up to one, two, three, four or five laodem repeats 
urto tlie DNA twdcm repeat region. Used in tills csiniexl ""immcdiatety adjaccnl'" or 
^immediately flanking''' means one^ two, three, or lour nucleoiid&:^ «way frcm the 
DNA tandem lepeat region of die DNA tanilcm Kpeae locus. 

25 The oJ^onucleotide primors of this iovcnUon urc dcsdgned to generate 

extension products umcnable to mass sqpectnd analysis and contmnmg a DTNR 
^UCToe, or region of interest, for which one is interested in dcurrmining the mass. 
The "nanking** regions ofa D*1'NR locus arc the portions of DNA sequence on dthci 
side of the DlNR fe^on of interest For embodiments employing PCR™ primers 

30 and polyniciascs to amplify a UTUK sequence^ ihc primers are sufficiently 
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complementary lo a prnikm of oiic or mure flanking regions of tlic DTNR locus to 
allow ihc primer to efifectively anneal to tliis iargi;l nudck acid and provide » »!te to 
extend a complcmcnl ro the tai^oi nucleic acid via PCR"^. For embodiments 
employtng primer esctctision* a preferred method is to use a single primer that is 

S $ujG5aently compleuientary lo allow elective ancalling to a portion of a isirget DTNR 
1oci]<i flankini^ reu^on b conjunction with a cbam Lcrmimition reageot. The chain 
tenuination rcagcril allows the producdon of discreet lirniiixl .uice nucleic acid 
products for mass spectral analysis. Prercrrcd chain tenuinatioti rcaticnt for use in the 
' prc!»cTil invention are dideoxynucleotide tripiii.n7>bateii. Iherefore^ for the methods 

1 U comprising any ^pc of i»imer extca^ion, it is preferred dial at least one of the primes 
is imflieicntly completnenuiry to a ponii-m of a flanking region that is preferably 
adjacent to or c1o&*q to the DTNR rcpon of ititcrcsi, generally within about 40 
nucleotides of the DNA landCTi noclecitidti repeat region. A? used in this context, 
•aTwui*" means anywhere from +1 to 40 nucleotides, and all the imegers in between. 

15 for exanxple. 11, ±X =3, +4, ±5, ^G, +7, +8, ±9, J-10, etc. nucleotides. 

Thi: prhnfier extension pnwucts are preferably single-stranded and may be any 
size that can 1?e adequately resolved by mass spectroroetn c analysit^. Preieral)1y, 
detected, liic final product sinijlc-stranded target nucleic acids are less tiian about 160 
or 150 bases in Icnglh. More preferably, tlw; extended nucleic acid products arc from 

20 abfMji 1 0 to 100 or 120 basen in length. A3 used in this context, ''abi'^ut'* means 

anywiiere from ± 1 to 20 bases, and all the imegers in between, for example, •^\f±2, 
±3, =4, ±5. J.-6, ±7, ±8, -^^^ ± 1 0, etc. bases. 

A:; used herein "a" will bo understood lo mean one or more. Tlius, ''a UNA 
tandem tcpaai marker^ may refer, Ibr exatnplc^ u> one, two, three, ibur, five or more 

25 DNA tandem repeat maik^ 

llie present invention is also dirueted to new oligonucleotide primers which 
have been designed to match a portion of the (lankiAg regioas for variotis DTNR loci. 
Specific cfnbodunents of this invention indadc oligooucleoude primerfi designed to 
amplify the following DTNR loci: CSIH PO, D3S1358, DSS818, D7S820, D8S1 179, 

AO D13S3 17, DI6SS39, DI8S5K D21S1 U D YSl 9, FlSAl . FESfl?PS, FOA, HPRTB, 
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mo 1 , TPOX, DYS388. T)Y{^^9 1 , DYS392, DY$393, D2S 1391, Ol «S535, D2$1 33li, 
D19S433, D6S47?, D14S306: F13B, CD4, D12S391, D10S220 

and D7S523. With Hye exccp Jon of D3S1 35«, sequences for the S TR loci of ihis 
invention are accessible to the general public throuiih GeiiBank irsing ihe accession 
5 numbers listed in Tabic 1. These oligonucleotide primers may preferably contain a 
cleavaWc Mte, sucli ns a rvcognition site for Type II and ITS resliiction cndonucleasci^, 
an exonucleajsg blocldng site, or a chemically cl«ivable site, for reducing the length of 
Oie anxplified product and increasin*^ the mass .spa4nii resolution. 

Exiunpfes of some oligonucJeoiidc primers thai may be employed for 

1 0 amplifying these loci are listed in SEQ ID NO.l through SEQ ID NO: 1 03. Preferred 
oHgonuclcotide pricfieris that also eocii»ui a deavahlc phosphomthioaie linkage ^ 
biotin moiety for immobili/ation on an avtdin» saeptavidin solki suppiir( are 
sequences according lo SEQ IJ> K0:2, SEQ ID X0:4, S1:Q ID N0:5, SEQ ID X0;7, 
SEQ ID N0:9, SEQ ID N0:1 1, SEQ ID NO.H. SEQ ID NO: 16, SEQ ID NO: 17, 

15 SEQ ID NO:l 9, SFQ in NO:21, SEQ lU NO:23, SEQ ID N0:2S, SEQ ID NO:27, 
SEQ ID NO:30, SEQ ID N0:3l, SEQ ID NO:83, SEQ ID KO:84, SEQ ID NO:85, 
SEQ ID NO:86, SEQ ID NO:87, SbQ ID NO:88, SEQ ID KO:89, ShQ ID NO.-90, 
SEQ ID N0:91, SEQ ID N(>92, SEQW) NOrVS, SEQ IDXO:94» SEQID NO:95, 
SEQ ID NO:96, SEQ ID NO:9:', SEQ ID N0!9«, SEQ ID KO:99, SBQ ID NO: 100 

20 and SEQ ID NO: 1 03. These newly designed primeri; generate nucleic aeid extension 
products which are smaller than those ufwdtHCYiously witli elecirophoresis sqanrtion 
methods. Additionally, Ihese primers may be mal in other mediods of primer 
extension kiK>wn to thoj>e ofskiU in the ait. 

It will be oppareni to one skilled in the art that same variations of these 

25 primers will also scr\-c effectively, for example, adding or deleting one or a few bases 
from Ihe primer and'or shifting the pv.isilion of the primer relative to the DFKR 
sequence by one or a tievv bases. Ttiu:^ primers encompassed by tJtc present invention 
include the {dmers specinually listed as well as modincations of these primes. 
Aldiough the!>c sequences an: all Inotinylaicd at the 5* end and c<Hitain Q 

30 phosphorotbioaie linkage at a particular location, one of skill in the art would 
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rscociiii A: LhnI similar primers having bioiin moiclics and the cleavablc groups at 
other dtes would hIm) bt encompassed by the present inveniion. Primers cociUiining 
typc^ ofimmobiiization atladiments sites othizrihan biotin, for ex&niple, would also 
be eiioocripiu*j%;d. i ypically. the placement of rlic ciciwahle group is not critical af^ 

5 lung as it is clos^ ouHigh to tlie V qnd to cleave xhc cluavc the nucleic acid cxlcnsbn 
product io a reduced-lcni^th amplified prudiKU ihitt is amenable to mass specttal 
analysis. These primers in pairs may also be cinnbincd to generate ovciiapping 
1K:R™ product which arc aU disdnguifshablc by mass. However, Ibr 
'embodiments multiplexing multiple T)'i?CR loci with overlaTipin]> allelic mas^ riinges, 

1 0 strategic placement of tlic clea vuble group imay effect a separation tr an interleaving 
of mass spectral pcukti. 

AiKither embodiment of this invcniion encompasses a kit Ujer aoaly^ng alleles 
of a DTNR kiuiv in u tai^et nucleic acid, having a first strand and a second 
complementary stcand, by mass spectrometry which include?! a Ilntf primer 

1 5 c-omplemcnbiry 10 the tlankiiig icgion of a DN A landcm nucleotide ceficui region and 
a second primer complcmCTtar>' to the i>pixKsite flanking c^loit of a DNA randem 
niKileotide rupcat region. Preferred kits of thif; invention are kits for anaty'^ing the 
fullowuigDTNR loci: CSb'im D1Sn58, D5S«1«, D7.S820, mSlLTy, D13S317, 
D16S530, l)18S51, D2lSn.DYS19. F13A1, FFS-WS, FUA, IIPRTB, THOU 

20 wax. DYS35M, I)Y5>391, DYS392, l)YS39i, D2S139U 1)188535, D2S1338, 

D19S433,D6S477, DIS518, D14S306,D22S684, F13B, CD4, D12S591, DJQS220 
ttndD7S523. 

Another emht^dim^t of diis inventicm ^compasses a kit tor analy^ng alleles 
of a multiple D FNR loci in a target nucleie acid by mass spectrorocln', whidi includes 
25 a phiraiity oFpiimefs complcmenuny to the flanking r^ons of DNA landem 

nucleotide repeal regions. Preferred kits of tills invcniion are kits for analy^ng the 
rollowingDTNR loci: CSFIPO, D3S13S8^DSSKI8, I>7S8^0, D8Sin9, 01314317, 
D1 6S539* D18S5 1, TKlSll, DYS19, Fl 3AU FES/FPS, FGA, H1»R1B. THOl^ 
TPOX, DYS388. DyS391, DYS392, nyS393. D2SI391, DI8S535, D2S1338, 
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D19S433, D6S477, l)JS518, DMS306, D22S6S4, F13B. CD4. DI2S39LI)10S220 
andD7S523. 

The pHmcrs employed wi^ kits may prefemMy have clcavable .sites, 
such as a necognilion die for a resiriction CQ(Jonuckase> an exonuc lease Mocking site, 

5 or a chemically cleax'ahlc »u:. Prelened chemically clcarablc sites encompa^^s 
modiUcil bn^iSi. modified .sugars (e.^^ nhoseX snd chemically cicavable groupf; 
inoorporated tnio the pbosphate backbone, siicb as diaIkoxy!;iiati&, 3^(S)- 
phosphorothioate^ 5'-(S)-phosphoR>thioate, .I'-OO-phosphoroamidale, or S -(N> 
' phi>:;phoToanudate linkages. Another preterred einbodirncni is a kil employing; a first 

10 primerlhat is capaMc ofattacUng lo a ^\id sapporr. 

For primer extension by PCR amplificaiknu il is prefemble to cmpioy these 
primers in pairs. Preferred palrs^ tirprimers indode xho following: a sequence 
according to SLQ ID NO:l and a sequence acct^rdiiig to SliQ ID N0:2; a scque^ice 
according to SEQ ID NO:3 and a i^iuence according to S KQ JUL) N0:4; » sequence 

1 5 according to SEQ ID NO:5 and a sequctici: according to SEQ ID N0:6; a sequence 
according u> SF.Q ID NO:7 and a ;>cquence according lo SF.Q ID N0:8; a sequence 
according to SEQ ID NO:9 and a sequenci: according to SEQ ID NO: 10; a sequence 
according to SEQ ID NO; 1 1 and a sequence according to SEQ ID NO: 12; a ?;eqijcncc 
according to SF.Q ID NO: 13 and a sequence according to SEQ ID NO: 14; a sequence 

20 ajcC4>rdinR lo SEQ ID NO: 15 and a sequence according tu SEQ ID N0:16; a .Hcc|uence 
according to SF.Q IT) NO: 17 and a sequence according to SEQ ID >]0:lft; a sequence 
according to SEQ ID NO: 1 9 and a sequence according to SEQ ID MOi^O; a sequence 
according lo SEQ ID N0:21 and u sequence according to SEQ ID NO:22; a sequence 
according lu SHQ ID MO:23 and a sequence acoordittg to SEQ ID NO:24; a sequence 

25 uccordix^ to SEQ ID NO^ and a sequeftce according to SEQ ID NO:26; a sequence 
according to SEQ ID NO:27 wd a sequence accozding u> HtQ ID N0!2S: a sequence 
according to SEQ ID N(>:29 and a sequence according lo SHQ ID NO:30; a sequence 
according to SEQ ID NOtSl and a sequence according lo SEQ ID NO:32; a sequence 
according to SRQ TT> NO:49 and a sequence according lo SF.Q ID NO;83; a scqw^ce 

."^0 aceordii^ to SEQ n>N0:S2 and a seqtiencc accorduig lo TO NO;84; a sequence 
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Bccording to SEQ ID KO:54 and a sequence Bccording to SEQ ID NO:B5: a ?«:qaence 
accordini; 1o SEQ ID NO:56 and a sequence uccwding to SHQ TD NO; 86; a sequence 
according to TD K0:5S and a sequence aecordiiit; U> SEQ ID NO:R7; a sequence 
according to SRQ TD KO;59 and a scquccce according 10 SFQ ID NO:8S:a scqtience 

5 according to SbQ ID KO:62 iind a sequoocc according, to SHQ ID NO: 89; a sequence 
according Uy SBQ ID NO:63 and a sequence according to SEQ TD NO:90; a sequence 
according to SHQ TD KD:66 and a sequence acconling to SEQ ID NO:9l; a sequence 
uccording to SHQ ID NO:67 and a sequence accoi'ding U» SEQ ID NO:92; a sequence 
' acciwiling U> SbQ ID NO:70 and a sequence iicc<vdir« to SEQ ID NO:93; a sequence 

1 0 according to SHQ ID NO:72 and a sequence according to SEQ ID NO:94;a sequeiKc 
according to SEQ ID NO:74 and a scquwice according lo SEQ ID NO:95; a sc<iuence 
according to SBQ ID KO;76 and u sequence accarding to SEQ TD NO:96; a sequence 
according to SEQ ID NO:78 and a j%cuuence accordir^ lo SEQ ID NO:97; a sequence 
according 10 SEQ ID NO:80 and a sequence according to SEQ ID NO;98; a sequence 

1 S according to SEQ TD NO:66 and a sequence accordinis lo SEQ ID NO!99; a j«;quence 
according u> SRQ 11) NO:33 and a sequence according to SEQ TD NO: 100;and a 
sequence according to SEQ ID NCh \ 0 1 mad a sequence uccording to SEQ TD KO: 1 03 , 
In one anbodiinent, at lijasf one of the primers used purpwie the nucleie acid 
cxt^ion product amUiins a surface binding moiety, such as a biotin moivay, at the 5 - 

2U end and a derivable moiely, :>ueh as a pho^horothioate linkage (see FIGS. 7A wd 
7B)« near the T^^^i krr a capmrc and releai^e a.<s<jy, such as one using strepta\idin<* 
coated magnetic bead^ Tor binding biolinylatsd pririten>« described in PCT l^atent 
Applicatiini No. WO 96/37630, and utcovporated herein by rcTcraiec* lliese linb^es 
are often rcrerTed«:{Ui]ophosphatclxxdcages as well. InccrporatiQnorainedKKlfor 

25 oblainmg sanglo-suandcd PCR™ products, such sa^ b possible with the primer 

modilicaiions described above, is prefcimi. Removal of one of tlie two Mnnids halves 
the number of DKA oligomers ttmt will be visualised by TOP-MS and improves the 
likeliltood or resolving all PGR™ product stands. 

Another embodunent of (his invention encompasses a method Ibr analyzbig 

30 DNA tandem nucleotide repeat alleles at a DNA tandem nucleotide repeat locus m a 
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target nucleic acid by inass spectrumetry winch Includes Ihc steps of a) obt^miing a 
Ua:i;et nucleic acid coTilainmg a DNA uindcm nucleotide repeat rcL'ion; b) exicnding 
the tar>^ nucleic acid using om or iTH)rc pritncrs lo obtain a limited sdj^ range of 
nucleic acid extension products, wherein the pritners arc coiiq)lementary to ii sequence 
5 fumking the DN A Undon nucleotide repeat of 5!aid Incuf;; and c) detennining die mass 
oflh^ nucleic acid extension products hy mass spectrometry, wticru the target nxiclcic 
acid \h TKvrmttlly double-stranded {Le. it a flrsc silnmd and a second complementary 
stnmd). Nucleic acid extension products may be gcticralod in diis method by an>' 
' nicuns known to those ofKlcill in the ajt. und pardculartv cidicr by amplificaiion, such 

10 as PCR amplification, or hy primer exteiuion in conjunction with a. chain terminaiiun 
reagent Preferred primers may inimediateij' flank the DNA landejn repeal locus, or 
may funha: extend up to one. two. dwcc, four or five tandem repcaTs into tlic DNA 
landem repeal rc}.^nn. Used in lln:^ context "imntedialcJy adjacent'' or ^^immediately 
flankin|>" means otie, two, three, or four nucleotides away fixim ihc DNA tandem 

1 5 repeat region of the DNA tandcrn repeat locus. Preferred primers may Ci>Tiuun a 

cleavablc site» such as a recognition site for uiesti-iction endonuclcjise» an exoriuc lease 
blocking site, cr it chemically cleavable site, and he capublc of attaching ui a solki 
supptin. 

Thciii: priraere may be capable of directly or indirectly attacliing lo a soiid 
20 fmpport via covaletU ur uoncovalcnt binding. I'he primers may contain an 

immohni/sition attachment site <L^) for attachment to a solid support. This site is 
usiiall>' upstream of the chemically cleavable site. A eaiiluble immobiJiTaiion 
auuchmeni site is any site capable o f bch^ attached to a group on a soiid support. 
Tliese £die$ may be a suhstitucnt on a hosic or sugar of Ae primer. An IAS may bc^ fmr 
25 example* an antigen, biodn, or digoxigenin. Tbh utlachmcnt allows t^cir isolation of 
only one strand of an amplified product. Sudi isolation of dlh^ single-fitruoded or 
doubl^tranded ainplitled target nucleic adds generally occurs prior to the 
application of the nnddc acitb to the matrix solution, resulting m well-denncd mass 
spectra] peaks and enhanced mass aocunicy. The matrix solution can be any of the 
30 known matrix suluUons used for mass s|)eclnime(rie analysis, including 3* 
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hydri*)xyp!c()UTuc acid ("J-UPA**), nicotinic add, picolinic acid, 2,5-diliydroxybcwoic 
iicid, and niUopbcnot. 

YoT example, in one cmbodinienu a $irand of a tar^gci nucleic acid extcnsicm 
product inuy b; bound or attached to a solid support lu permit rigorous washing and 
3 concomitant rcmovat of salt adducui. imwanted olijiuaucicoddes and enzymes. Rith&r 
adcHiblc-stranded or a singfe-straiided nuddc acid extension px>duct may be isolated 
tor mass spcctrometric analysis. 'Ilie singlc-iilrdndcd target nucleic acid exurris^ion 
prodoct analyzed by MS may be cither tbe strand bound or not bound io tiie solid 
'6UpporL 

10 When an unbound sirand is used for MS analysis, it is Lypica% puriHcd by 

iirst virashing tlic hound strand and its attached complcnoent under condilions not 
sufHcicnily rigorous to dimipt the strand's attachnieru lo h$ bound complement. 
After unwanted blionolecuies and salts are removed^ the complement may then be 
released under more rigorous condidoos. In contrasu when ihe bound inrand is to be 

1 5 analyzed, h is typically washed under more vigorous c^nditiom sueh that the 
interaclions between ihc bound strand, irpresceiit^ and its unbound complement is 
disrupted. Tlii.s allovv-s the unbound strand to hi wished away with ihu other sails and 
uowanled biomoleculcs. CJcavable linkci-s or cleavabic primers may be uied to 
release ilic bound jstnmd from ihe solid supf>i'>ri prior lo MS analysis, 

20 i^eferred printers for practkrfni' this method iudude primers dcsi^med to 

amplifv DTNX iod selected tiom the group consisting of CSFlJ'O, D3Sn58, 
l)5S«18,D7Smi>8Sin9,D13S3i7,D16S539,m8S5l,D2tSlUDYS19,F13Ah 
FES/ITS, tGA, IIPRTR, T801, TPOX, DYS388, DVS391, DYS392, DYS393, 
D2S1391, D18S535, D2S1338, D19S433, D6!SH7?, DIS518, Dl4S3d6, D22.S6S4, 

25 1* 13B, CD4, D12S391, D10S220 und D7S523. Prc&ned pairs of primers dcirigncd to 
aaspUfy these loci iiidtide: a sequence according to SEQ ID NO: 1 and a sequence 
according to SEQ ID N0:2; a sequence according to SFQ ID NO:3 and » sequence 
accnnliny to SEQ ID N0:4: a sequence according to SFQ ID NO:S and a soquenoe 
according to SEQ ID N0:6; a sequence accwting to SFX;; lU N0:7 and a sequence 

30 accordmg to SBQ ID KO:8; a .sequence according to SEQ n>N0;9 and a sequence 
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according la 55F.Q ID NO: 10; u iKK]uence according to SEQ ID NO: 11 and a scquracc 
acccmiing to SEQ ID NO: 12: a sequence according lo SKQ ID NO: 13 aiiU u sequence 
according lo StQ ID N0:14; a sequertce according to SEQ ID N0:15 and a sst!uencc 
according lo SEQ ID NO: 16; a sequeiKC according lo SEQ ID NO: 17 and a frequence 
5 according to SEQ ID NO: I B; a saju^e according to SEQ ID NO: 1 9 and a fiequenui: 
according lo SEQ ID KO:20; a scqumge acTOrding to SFQ lU NO:2l and a sequence 
according to SEQ ID KO:22; a sequeiice according to SHQ ID N0l>3 and a sequence 
according to SEQ IT) KO:24 ; a sscqurace according to SEQ ID NO:l5 and a ixsqucncc 
-^acoordinR lo SEQ ID NO:26; a JSCquOTcc according to SEQ ID NO 27 and a sequence 

1 0 according to SRQ ID NO:2«; a sequence according to SEQ ID MO 29 and a sequence 
according to SEQ ID NO:30: a sequence accofdir^j? jo SEQ ID N0:3l and a sequence 
according co SEQ ID NO:32; a sequence according U) SEQ ID NO:49 and a sequence 
according to SEQ fl.) NO:83: a sequence accorJiiq^ to SEQ ID NO:52 and a .sequence 
according lo SEQ ID NO:84i a sequence accordii^ lo SFQ 11) NO:54 and a sequence 

1 S aoctirding to SEQ ID >(0: 85: a ^uencc acconHng to SEQ ID NO:56 and a !;equence 
according to SEQ ID NO:86; a sequence according lo SEQ ID NO:58 m\d a sequence 
according to SEQ ID NO: 87: a setjuence accouKng to SEQ ID NO:59 and a sequence 
according lo SEQ ID NO;88;a sequence iicc-oxxiing lo SFQ ID NO:62 and a sequence 
according to S^Xi ID NO:89: a sequence accorc&ig io SEQ ID NO:65 and a jjcqiience 

20 according lo SEQ ID NO;90; a sequence according Ui SHQ ID N0.66 and a sequence 
according Ui SE^Jj ID NO:9 1 • a sequence iiccording to SEQ H ) 'N0;67 and a sequence 
according to SEQ ID NO:92; a 5:cquencc acconhi^ lo SEQ I D KO;70 and a 5a:-qii«nce 
according to SEQ ID NO:93; a sequence accordti^ to Si^ ID NO:72 and n sequence 
according to SEQ ID NO:94;a sequence according to SFX} ID NO:74 and a sequence 

2S according to SEQ ID NO:9S; a ^qiienee according to SEQ ID KO:76 and a sequ^ce 
according to SEQ ID NO:96; a sequence accordinK to SEQ ID NO:78 and a sequence 
according to SEQ ID NO;97; a sequence according to SEQ ID liO'M and a sequence 
according to SEQ ID N0:9S; a sequence according to SEQ ID NO:66 and a sequence 
according lo SEQ ID NO:99; a seqoence according to SEQ lDNO:33 anda sequeno? 
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accordii^ to SEQ ID N0:1 00; and a :)cqucncc according to SHQ n*) N0;101 and a 
sequence acconHng to SEQ U) NO:103. 

Hie prescfii in vcnlioji also focuses on at\ improved mclliod of multiplexing Ihc 
arui1v:A& of nucleic acid extension products derived frotn DNA nuuloolide repeat loci, 
5 Tliis xt)cQkm1 diflcTs from known methodji of multiplexing DTNR analysb in that mass 
spectrometry is employed and the range of pos^^sibli; nucleic acid extension products 
for Ihc multiplexed loci, Ihe allele nucleic acid extension produce sn^ ranges, m^y be 
specifically chosen to overlap in the mass scale yet be uniquely resolved and detccuxl 
Fhas, thisi TCi\-ention encompasses methods for analyzing more than one target 

1 0 nucleic acid im^ii ich the target nucldc adds are used la produce more than one 

nucleic acid product exte^isiun product and where each nucleic acid extension pniduct 
may compriiie a difTirrcnl DTNR sequence^ A pn^fcrrcd embodiment enconqjasses 
simuita}ii»msly determining the raas.<;of more than one DNA t^dcm nucleotide repeat 
allele ai more than one DNA tandan nucleotide repeat loci. According to ihis 

1 5 embodiment several ampii ficulion producls containing vartouf; DTNR sequences (com 
differein DTKR Itici may be analyzed in the sarric solulion 5ind specti-um, 

Atklitionaily, the DMA tandem nucleotide repeat loci may have twerlapping 
allelic mass i'anyc!> ts<?e FIGS. 4 and 5). The temi "ovcrJapping allelic mas^j wnges** is 
defined 10 mean thai the alleles fliat may be present for a panieular V> INH locus have 

20 mas^ that overlap, or coincide, as obsers'sd by mass spectromeir>' with ihc masses 
fur jilleles from anotlwir D'J>^R \ocil<l lie methods of the present invemion allow one 
to revive these alleles by mass spectrometry either by increasing the mass separaiion 
of these peaks or by modifying ihe mass of the omplilicd products containbg die 
various DIXR sequences such thai the amplificasson products have interleavmg mass 

25 spectral peaks (see FIG. 6). 

This novel interleaved mtddplexing a|9}roach overcomes the TOK-MS 
iimitadons for $i/c partitioning and takes advantdige of the lugh mass accuracy of tlic 
mcihod widiin the high illation mass range below about 160 nodeottdes in size. 
One ^pedlic embodiment encompasses a method tlial involves the design of q)edfic 

30 primer or primers that produce nucleie acid extension products for a first locux with 
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dcfinui alidc mass values, 'llie priincr or primers for •second locus art^ Uien selected 
so diat while the xatins range for the predicU;d nudeic acid exuzns^lon products oC ihe 
primers overlap \viih the mass raxigc Tivr the products of tlie firsx 1ocu.s» the specific 
predicicd nudeic acid extcmiun pi'oduci mass valuei^ differ from tiiosu uf Ihe first 
5 \ocoR and thcniforc can be utiiqucly resolved by TOF-N<S. Further locE may be added 
to die nniltiplex xts\n\» the same mclhod such that three, four, Tive, six, sevctt. eight, 
nine, ten or mons loci may be analyzed simuftanc(iu;>ly. 

The baric limits for thLi multiplexing ore deilricd by the abiliiy lo resolve all 
''possible nucleic acid extension pn.Kkuct5 wiilim u mixtuixi. It is not incoticci vable that 

JO as Toany us 10 dilierent loci might be iaterteaved and uniquely resolved. li\ addiiJoa 
to multiplexing iwo or more DTKRs ii h also possible lo use this invenlion to 
intorlcuvc mixtures of DINRs Vp'ith iipedtjc nueleic acid extensinn products aii^ii^ 
from nontcpcai loci» a DTNR locus \viih allelic nucleic acid extension products 
72, 76, 80, ft4 and 88 nucleotidefi in size could be simuliatieousl y imalyzed vA\h a 

1 5 nucleic acid cxloision product 82 nuclcoiidcs in size. 

*l*hc ability li> inun:le^)ve Uk:j requires thai ihenucleic aciil extension pa>ducL 
mass values for all possible allele value;> should prefeoibly be knowti. These allric 
mass values may be dctermiaed empirical^ or more likely by ciilcuLitioj) uw\^^ ihe 
know^n loci sequences. In miiny cases ii nwy be nece»5ar>' to 'Tme lunt*" the allele 

20 mass values for one or more loci in a multiplexed mbrturc in order to prevent 

unrcsolvable overlap Ixiivviiten two Nueleic acid exumsion producis. For exan^le, 
allele 5 for I -ocus A may be only 5 Da different in misss than allele 9 for Locus B 
preventing resoIuUun of diosc two Nucleic acid extension products by mass 
spccirometiy. Massntodificationsujtmeorhiihiodnusybcuscdtoina 

25 masscUfTcnaiceLo 100 Da. 

Adjnming ibc allele md$s values uiQt' ^ vcn locus maty be done by any 
number of methods induding: increasing ur decreasing die size the of the nucleic add 
extension products via alleied stcquenoes and placement of the primers; addilion of 
nonb>*bridizuig nucleotides to the 5' ends of one ox mor« primers^ addition of 

30 nonnuclcoiide chemical modifications mtemally w lo the ends of one or both primers; 
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filWxucions in hosic ccimposition within cue or both primer^ including ihc use of 
nouscatidan] nucleotide;;, Ihnt may or may nol result in mistiiatchcft within the prixn^; 
incorporation or^ind specific plai:ement of a diemically cteavable iruiicty within liig 
primer backboae ti> rudiice the length of the nacieic acid extension product by & 

5 selected ijmouut; euzymalie elea\'age of the nucleic acid cxlL^-ioo products using a 
i^<;riciif»n cculunudease that recognizes a refitriciion site witliin une or both primers or 
witiiiu tlie nucleic ueiJ extension product hsclf; usu ofu 5' lo 3* exonuctease in 
coricen wilh exoDUclcasc blocking ttiodified nudeoiidcs contained within one or niore 
'primers: ineoiporation of nonstandard deoxyribimucleotidcs or ch^ically or 

1 0 isotopically modi God nucleotides during polymcrumion; any number of niefthods of 
rmuu tnodiryiDg by additicm of chemical moieties post amplification; by usmg 
dilferent chain tcrminatton nsagmls in conjuriciion with primer cxiension; or uny 
number of other tnean;; Ihat anyone jfkiUed in the art would be able ti> idcDtify. 

Another onbodimeni encompasses a method ol multiplcxinsi nmpUficalion 
products containing DTNRs having owTlapping allelic raniscs where at least one 
anopliiicatian product contains a mass modified nucleotide. Mass modified 
nucleotides inchide nuclctvtides to wliich nonnucleoiidc moieties have Inum 
chemically aiLached; basefi having altered compositions: rionfdiuidfird nucletiiides, that 
may or may not rcsull in mismatches wilhin the prirnerii; and any bavcs w'host ma5SC5 
have been modified through the addition oXehenucal moieties after the ocnplifieation 
Step. 

Ahetnatively, the length of al least one exiecision product may be reduced by 
1 5 clea\ing the vxtosion product at a cleavahl u she such as a re^rtxiciion oidonudease 
cleavage site, an exonuclease bloeUng site, or a chemically cicawble site. Prcrorred 
chcmieaiiy deavablc ailes Sot mulUploxnig inchidc modilkd bases, tnodified sugars 
(e.g.. ribosc)» cht a chemically deavablc group uicorporaied into the phosphate 
backbone, such as a dialkoxysxbne, 3'-(S)-phosphorodiinatc, .'^-(SVphosphurothioatc, 
20 3HN>-phosphoT0amidate, or S'-(N)-phosphoroamida]!e. Preferred pdmers may also he 
capable of attaching to a solid siq^porL 
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Anolher embodiment ot'±i& invcnlioQ encompa&fK.-*^ o melhod for mulliplexing 
the detectkm of mofe Ihon one amplified D\ A landem nucleotide rvpcaX marker rn.im 
mure than one DNA landcm nucleniklt: repeat loci Uicludmg: determining the mass of 
morx^ than ons nucleic acid extension prudiKU by mass 5pccttomcir>% v.'herc ihc DNA 
5 tandem nucleotide repeat loci each comprise u DNA candem repeal sequence and n 
ikoking sequence and have ovcHupping allelic mass ranges. Typically, at least one of 
the target nucleic acid cxt«aislon }>ruducis may contain a mass mocUfyin;^ group. 

"Majjs modifyiag 6roiq)s'* may comprise any group ihai aUers the jmss of the 
'amplified product*; to produce iniericaving or othcmise resolvable mas^s spectral 
1 0 pcak.s. These groups, which may be incoiporaied durin" or after primur excension, 
may be ma^js modified nucleotides, nonstandard dexsxyrUmnudcolides, or c\xai 
clcjtvahle sixes as cleaving such a site modifies tlic mass by reducing the length of Ihe 
extension product As used in this conicxl, modified or nimsiandard bases are 
generally midereioud to include ht^c)^ not tburui in DINR Jocus Ranking the DTNK 
1 5 sequence of \hf^ i?ijraple or la^jct nucleic acid. 

BRIEF DESCRfPTTON OF THE D RAWINGS 

FIG* 1 is a mass spcctnmi of an allelic ladd^ fron> ihc tyrosine hydn.i5cylase 

20 jjwie TTHOl Most of the common alleles for this i>lR nwkcr (alleles 5, 6, 7, 8, 9, 
9 J, and 10) can be seen. Meles 9.:^ and 10 differ by a sdngic nucleotide while the 
other alleles arc separated by four baseft. 

FIG. 2 di5ip1ays mass spcctni for several samples from die TPOX locu& 1 he 
top spectrum is an allelic ladder eonuiining alleles ranging from 6 to 1 3 repeats while 

21 the odier 5;pcctra show tlie t wlaiion of various alleles for ihh locus. 

FIG. 3A displays the mass spectrum for the CSFIPO locus. 
FIG. 3B displs^ the mass spectrum for the D3S13SS locus. 
FIG. 3C displays the mass «pectnmi for aioDSSSlX locus. 
FlU. 3D displays the mass fspecirum for fhe I)7SK20 locus. 
30 FIG. 3£ displays the mass spectrum for the D8S 1 179 locos. 
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FIG. XV dispkiys the ma$:> spectrum tor tlie D1 17 locus. 

FiC. 3G displays ihe mass spectrum for the D16S539 locus. 

FIG. 3H displays tiic masis spectrum for ihc HI 8S51 locus. 

FIC 31 Uisplays the iiia$&fipcctrum for the D21 SI 1 locus, 
5 FlC 3.T display^^ ilie mass spccb-um for the D YS 1 9 locus. 

Vliin 3K displays the mass spectruTn for Lhe F 1 3A 1 locus. 

FIG. 3L di^lays ihe rn»<s!s ^ectrum for ihc FES/f i'S locus. 

Fl<:. 3M displays the mafus ^ctnim tor tiic VGA locus, 

FIG* 3N dLsplavf^ ihu mass spocimm for the llPR'll} ioca^ 
1 0 FIG. BO displays the rria^ spectrum for the THO 1 locus. 

FIG. 3P displays die masa spcclrum for the TPOX locus. 

FTG. 4 is a simulated multiplex STR analysis of alleles wiHi ovcriappuig si/c 
ranges. J"hls diagram depicts die expected masses fiw kraiwn alleles of TPOX an J 
THOl. 

1 fi FIG. 5 are mass spectra of mixtures of TI 101 and TPOX al lelic kidders. Using 

the primer sequences for THOI (SEQ ID KO.:29 and SEQ ID NO.:30) arid TPOX 
(SEO ID NO.:3 1 an J fitiQ ID NO,:32X alleles netween lhe dilTcrcnt STR sy Mans 
difTcr hv only 120 Daltons riop ^ectrum). By adding t%'0 nucleotides to the S'-eiid of 
the reverse primer for iVOX (SCO ID K<).:32), the TPOX siliele masses arc increased 
20 by fiCK) DiUtous, making them easier 1ii resolve. 

FIG. 6 is a simulated multiplex STR analysis depicting the expected masses 
foi D16S539 and D7S820 kno^n alleles. Even with dilTcrent repeat sequettccs, all 
kmnvo alkies may be resi>K'ed by maftfj spectroscopy- 

FIGt 7A shows the chemical formula. Tor 2'Hicox>'th>'midine-3'-(Sh 
25 phosphorothloate. 

FIG. 7B shovvi^ the chemiea] fonntda for J-deoKythymidine-SH^)- 
pho5;fihonithioate. 

FIG. 8A shows ttic expected allele si/cs for CTT multiplex analyses. The 
Cn juuhiplcx is directed to the three STR toei CS1*'1P0» TPOX, and THOl . 
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FIG. SB illustrates the results of the aiialy&isi or a sssnple using vie CTT 
multiplex, llie .sample h shown to contidn a homozygous TPOX ulJclc 
bcccio;&>'gous lUOl allele.^ 6 and 93, aiid a lK)7niK6ygous CSri P() allele 12. 

5 DESCRIFim\ OF II.LLS TllATI VE TIMBODIMKWTS 

The present inveution Tueuscs on a vm$ $pectrometric met^iotl af rnulliplexing 
die analysis of Nucleic acid exrca^iou products whtch 0%'crlnp in mass derived Uom 
*DNA nucJeotide repeat h>ci. For example, lo resolve all possible alleles of ttie 

10 DTXRs being uiialy;fled the masses of the Xucleie iicid extension pniducis Irom two or 
more DTNR mariccrs may be offset Inw, one anotlier so lliai any (wo possible alleles 
(or any ivvo possible commoa alkies) do mi iiverlijp in mass within the mass 
resolution of the mass iq>cctn>meter, yet the ranges of ilit? possibJe alleles do overlap. 
Wiihin Ihc overlapping mass range» defmeil hjs lh<? mass range held is common by two 

15 loci with defined allele size range.^, the DTNR marker nuty be ofiset from on;; anotlier 
by some fraction of the ma^s of the sequence repeal unit, e.g. for tctraniicleotide 
DTNR markers mass ofiscts less than four nucleotidi-. Tut Uinncicotide DTNR& mass 
ofTsdi less than 2 imcieoildes. Ocher lypt-^s of ol&eU such as may be found when 
multiplexing dinuclcodde repeal loci with tetranuclcotide or complex nucleotide 

20 rq)eat loci, will be apparent to one skilled in the art. 

This approach overcomes the TOF-MS liifiiuuions for size partitiotiiDg. vdiere 
the PCR™ pmdua for the alkie tungc of two or more sets of possible lod do aol 
overlap, by taking advantage of the high masa accuracy associated uitfa mass 
spectro5scopy within the higli rcssoiution mass range (below 1 60 miclcoiides in ^ze). 

25 Al&ough this mohucl is cuixently most useful for ofigoniicleotides below 1 60 

nucleotides, this size is a ftmction of the number of nuckoddcti in the repeat as wdJ as 
the cvsolutioQ of the mass ^pectxoscopie mcdiod. Thenefore, larger oligonucleotides 
arc also useful with the present invention, paniculariy where iarscr repeat sequences 
(tsetra- vs. dinuclcotides) or as advances in mass sp»:Qx>scopy allow for greater ums^ 

30 resolution in higher mass xaogeiL 
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'iTais multiplexir^; method iiivulvet^ Ibe design of specific primers ihai produce 
Nucleic acid extension product for a first locps vdth defmed alldc mass \dues. The 
primers for tlie ficcoiKl locus are Uicn cliosen so thai vAsil^ the masR rani-c for the 
dilFCTent alleles overlajii! wilh the mass rdiigc tor the firsi Iwus, the specinc ollek 
3 mafifi values differ £:om thuHC of the first locus and tltereforc ctin be uniquely resolved 
by TOF-MS. The identity of each allele, defined by the specific Nucleic acid 
extension products being charac^rizcd. is uniquely dclisrmined using the high 
ttccuTiicy molecular mass values provided by TOF*MS. In contrast, gd-l>ascd 
Inedjoda nrc not capable of pnivkiing accurate muss values for uniquely identifyini; 
1 0 each product within a multiplexed, allclically intcricavcd mixmre of Nucleic acid 
extension products. Tlie basic limits tor iWs multiplexing mclhod are defined by the 
abilitj' to resolve all possible, or ull common. Nucleic acid exiensinn products within 
a tnixlure. Potentially many as 10 diffoent loci might be interleaved and fiiUy 
resolved. 

15 The invention furihcv relates to primers designed lu character ize i'i \')SA 

repeal riuu-kcrss useful for aiunan id<ntit>' testing, /^plications include forensic and 
patcmilY testing as well 5in genetic mapping studies. These DTNR ttiarfcer.s {ire useful 
m PCR""^ amplification, preferably as pairs of oligonucleotide t^-imcrs» and iti oihcr 
methods of primer exlcnsion may be used as single primers, the eocten^on products of 

20 which may he accurately deUazied by mass spectrometry as thi:y are smaller than those 
used previoasly with eleUropliorcsis separation methods. 

These new oligonticlcotide primers are desEgntid Uy muti4i a portioa of the 
flanldng regions for DTNR loci consisting of: CSFIPO, D3S1358, D5S81S, D7S820, 
l)8Sll79,Dl3S3l7,D16S539,Dl8S5Ur>2lSn,DYS19.FI3Al,FliS/Fre^ 

25 HPRTB, UUOI , TPOX, DYS3«I, DYS39h DYS392, DYS393, D2S1 391, D18S535, 
D2S1338, D19S433, D6S477, D1S51R, D14i>306, D22S684, F13I>, CIM, m2S391, 
D10S220 and D7S523. Whh the eKcepCion orD3S135«, sequences for the STR joci 
of this invention are accessible to the general public tisraugh GcnBank using the 
accession numbers li^ed in Table 1. 'ilie sequence ID Numbers given in Table 1 

30 coTTvspond to the DNA sequence of the USA tandem repeat regions of each locus and 
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ii8 flanking tegKmii. Flanking sequences iuitSicr Ihwn the UlNR region could easily 
be obtained by one of akW] m the art by iicccssdng the (ienBank H^^iings. FTCS. 3AoP 
display niasi; fqpcctra for each of ihe STR loci iisicd in TABLE 1. li will be apparcol 
U> one skilled in iIk: m thai small vwalion of these primers wilJ also serve eiiectivoly, 
5 for cxampJe, adding or Uclcling one or a few bases from Uic primer and/or shifting ihe 
position rcblive to the tcmpialc sequence by one or a few bascs. 

Tbe use of a hybridiTaiiun probe of about 14-25 nucleotides in length allows 
Uii: fonniilion of a dvq)]cx molecule that is both stabit: onci sckccive. Molecules 
tiavirtg GimUguous complementary sequences ovei* stretchss grcalcr than 1 4 hoses in 
1 0 length are generally preferred, though, in order to increase stabtlhy and seledi viiy of 
the hybrid, and thereby iniprove the quidily and degree of specific hybrid molecules 
obtained. One vdll generally pTef^r to design nucleic acid molecules having s^ene- 
complcmcntary strelchc5> of J 5 to 25 eonliguous nucleotides, or even longer where 
desired. 

1 5 Hybridization probes may be tjclccted irom any portion of any of ihe 

:^cquences di5»ilosed herein. All that rcquirxl is to review the primer sequiniecs set 
forth in Table I or u^ any continuoa'j portion of the sequence as in the DTNR loci, 
wbose ]ocus s^uence ID numbers arc U>sicd in Table 1 or any oihnr DTNR loeus. 
irom about nucleotides in length up to and inchjriiag the fiiU lettgih seqtiencc^ 

20 that one wishes to utilize as a probe or primer. Jl»e choice of pixibe and primer 
sequences may be governed by various factors known to those ofskili in the art, 

1 he procefc5i of selecting and preparing a nucleic add segment thai includes a 
contiguou:! sequence fimn within tlie DTNR ioci» whose locus sequence ID numbers 
are listed in Tuble I or any other D^fKR \cKm, way aliemortivciy be described as 

25 pn^ring a nucleic acid fragment Of course, fit^menls may also be obtained hy 
other techniques such ^ e.g,y by nieehunical shearing or by restriction enzyme 
digestion. Small nodeie acid segments or iragments may hz readily prepared by« for 
example, direclly synthesizing the firagincQt by chemical mcjins, as is cornmunly 
practiced using an automated oligonucleoridc synthesizer. Also, fiugmente may be 

30 obtained by applteudon of macledc acid reproduction lechnology, auch as the PCR*^ 
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technology 4>rc.l. S. Tatent 4,683202 (incorponited hei'eiu by reference), by 
introducing selected sc(|u(;nces into recombinant vccUfni; for recombiiiml produaion, 
and by oi^icr rttcombinant UK A techniques }>cneially known tu ihose of skiU in the art 
of molecular biulugv*. 

5 Accordingly, the nucleotide »:quence& orOsc invention may be chosen for 

Huiiw ttbiiiiy to selectively form duplex mol<M;ules with complciaentary 5strcrches of tlic 
flanking regions oFDN A micla.nide repeat rvgions* Depen(tinjg on the ^)f>l!c{Uiun 
envisioned, one will desire to employ varying coodilions of hybridization to achieve 
« varyioK degrees of selecciviiy of pnibc towards target sequence. For applications 

10 requiring high sulcedvit>\ one will typically dcsoe to employ Tclntively stringent 
conditions to fomi the hybrids, e.g,. one will seloci leLitively tow sail and/or high 
tempera] un: conditions, sud) as^ provided by a sah crmcentniiioo of from ubout 0.02 \f 
to about 0. 1 5 M nt (emperaturcs of from i«bout 50^C to about TU^C. Such 
5iclcciivc conditions tolcruic littSe, if any. misinaicli bcsiween the probe and tlie 

1 5 template or target !^lnmd. 

Orcourse^fbr some applications^ less suinsieril (reduced stringency) 
hybridization condiiions will he tolerated by the primer extcrwion b^stem in order to 
alh>w Mifnciently specific formation oPthe heterodupbx of primer and larget DNA. 
In these eircum:>4anccs* one may desire Ui employ salt conditions such as those of 

20 Crom about 0. 15 M to about 0.9 M s^alt, at tetiipenmires nutging from about 20T to 
akml JS'^C. Cross-hybridizing species can thereby be readily identified as positively 
b}'bridi7ing signals with nespeci to coaitrol hylnklizaiions. In any case, it b generally 
qppieciated that conditions can be rrad«^ rooic stringent by the addition of 
increasing amounts of fonnmnidc, which nmes to destabilize the hybrid duplex in Ihe 

25 sattie manner as increased tcrnpeiature. Thus.hybridi>:ation<»nditioitKCHnbereadi^ 
mampulated Ui enswns that a primer sequence will yield eximsiun product mainly 
ftom the desired tatigel DTNR locus. 
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At leasl one of the primers in eaci locits-^f wfic pair contains a biotin moSeiy 
ai the 3' -end and a phosiAorDCbioate Hnkujje attaclied lo a T ucar Lhc 3*-cnd For h 
capture and ivlease assay usint' streptavidin-cuuU«i magnetic beads (PCI' Patent 
AppUcatiorx Ko. WO 96/37630). Allhougb many of Uic specific priman!? of the present 
J> invention are dej^ignctl for use in such u capture and release assay, sucli primen* need 
nol contab either soUd-iiinding or cleavablc sites» or may Ci^tiudn »ny comhinaiion of 
them. 

The puqKi^c of such on assay ifi lo increase maw? resolution by (1) allowing tw 
'hi^^hcr purities ot'the jmclctc ucid extensirm product and (2) dccivasing the of tbe 
10 nucldc acid cx(^(»i product. Bindhig to a mUd support fulfills ihc first goal by 
alknvmg for stringent washcii and removing tfie coiuplciwnUiry strand of the DNA 
which povidcs cumulative infuimation and ccnupliaiies the ma:)S spectra decrca;>rng 
the resolution. 

ihis assay ciay be used lo isolate sin^e-snranded or doubic*stranded amplified 

1 S target nucleic acids. Typically* at Icnst one su^id w amplitied target nucleic acid 
h hi)uml U> a solid support m permit rigorous washing and concomitimt removal of 
sah adducts, unwanted oligonucleotides and enzymes, lather a double-^Uimded 
amplified target nucletc acidiir a singlc-strdiaded amplitied target nucleic acid mny be 
isolated tor mass spcetrometric aiujlysis def»ndir\§ i^n the stringency of the wash. 

20 The single-stranded ampH ficd target nucleic acid analyzed may be either the strand 
bound or ikh bound to tiie solid support. If tlic unbound strand i?i U5;ed for MS 
analysis^ it is purified by first washing lhc bound ^rand and its attadied complement 
under conditions not sofllcJcnlly rigorous to disrupt the straml. After unvmiUed 
biomoleculcs and salts are reitio%'ed, the complement can then be ruluised under mOR* 

25 rigorous conditions. Cleuvable linkers or cleavablc primers may then be used to 
relciise the bound strands fnnn the solid support prior to MS UQulysLs. 

1 he second goal is mci by having eieavabie sites in Ibe primer. Such 
cleavablc sites also eliminate unnecessary sequences and allow Ibr the wt of a capture 
and release assay and for primer moditication fur the interleaving multiplexing 

SO methods described homxi For exaniple» moving the cJeavable site along the pri mcr 
backbone directly modifies the mass of the PCR^^ pmducL lYie cleavablc site is 
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tynicali y introduced via a clurvable prirni;r und tlie clca\'ab1c riic is located outside of 
the region of tmcrcsl. Cleavahlc priniers may include tliose comprLsinp, an 
cxoniiciease blockin^^ moiety, a Type US restriction cndcmuciease recogniiion stte. 
and a Type 11 restrictfon cniionuclecnc rccognitioti site. 

S The midget nucleic acids ma}% thiui. be nsduced m length h>- my of the mctb(Kte 

known that wif i derive within one or more flanlin|T regions preferably without 
dcav-iug within tlio region of inieresu Exiemplaty mclhiid^ ufR^lucing length include: 
cleaving bU endogenous restriction endonuclviise deavaUe stitc:^ pFcscnt in one or more 
Hanking i^ions but absent in the region of inlcresl; de»ving at restriction 

10 cndwueiease cleavabic sices at or ae^rtccnt to reslriclira uidonuclease recognitiosi 
sites incoiporaied into one or more flanking n^<»is by wu; of one or more clc^fvable 
primers comprising said resuiction cTulonucteaso recognition sit&;; deriving at a 
combination of restriction cndonuclea^c clciiMible sites whcrdn the siteA arc 
cnd<%enous and/or introduced uning mismatch or o\'exlumging primers; and selective 

1 5 iUgcsiion of one or nK>re flanking regions using exonucleasc and an exotiuclntse 
blocking jnoie^* protect the regions of imcrc$i from digestion. 

The restriction endimwieases cnqjloyed with the present mveiition indude 
lype 11 and type TIS restriction endonucleoiics. The restiiction endonudease 
recognition sites may be diher wilJiin a primer region, or oiUside the primer Region* so 

20 long as the rcHtriction endonucleuse cleavabic siies are within one or more flociking 
regiunjs and preferably not within a region of interc^;! . f or type 11 rsstrieUon 
endnnuclcases^ the restriction cDdonncleiise recognitioit silc 19 the same as the 
restriction endonudease cleavabic site, for Type IIS restrictiod cndonueleases, the 
cIctiVGible site is at a Uclincd distance away from one side of the recognition site. 

25 AnoLhsr embodiment of die invention involven usii^c a deavahle pdmer 

having an cxunucfease blocking moiety. Aller amplification of the target nuddc acid, 
the amplifiod target nuddc add will include an cxonuclease Mocking moiety. The 
aaoplified target nuddc add is then treated vdth a 5' to 3' exonudeasei which 
degmfes the strand coniainmg the caconuclease blocking moiety in a 5" io 3' direction 

30 only up I0 the bloddog inuidy. The 5' to 3' exonudetise may qptionally degrade the 
other Gompknuenlary strand of the ampliilod target nucldc add, in cases witcre the 
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oihcr BXmj\i does not liavc an cKonuclcasc blocking moiety. Tnc ireatnieni with the 5' 
to 3' exonudea!M5 leaves a reduced-leogth, riiigl^.slrmKlal amplified lar^X nucleic 
acid for mass siiectronietric anaiysis. 

Clcavabl© sites may alsso include chemically cleavaHe groups iucorjjwiiect 
5 witliin the pliosphalc backbocic linkage (e.jf. replacwncnt of phosplmlc \vith a 

phosphonimidate) or ils h .^jubstitucnt on or rspJacemeni of one of die buses or sugars 
of the oligonucleotide prinicr (e.g, a luodiliwi base or .sugar, for example, u more 
labile glycosidic linkage). Such chemically cleavabJe group;; would be appaxuil to 
' one of skill in die art in light of Oic present disclofiurc aod include, for example, 

JO dialkoxysilane, 3HS)-pliosphorothio3lc, 5''(S)-phos|*i>roUuoak. 3'-(K)- 

phosphoroamidaic, 5'-(N)-phosphoixvamidate, and ribose. FinS. 16A and IfiB depict 
tt 3HS>-pbosphorothioaie and 5'-(S)-ph<.*sphorothioatc, respectively as defmed Jo ibis 
invention. Noic that ttiese linkaj^ are often relented to as thiophosphatej; as welJ. A 
!iimilar nomenclature is CT^loyed fur 3'-(N)-phosphouiMiTiidate. 5'-(K)- 

15 phosjAioroamidalc. 'l"he chcmiciUy cleavablc siic should geacrally be stable under the 
amplification, hybridi/aiion and wasliing conditions to be employed and is prcfenibly 
witliin one or more of the flankiog r^iona. 

In a preferred cmbodimexil, die cleavablc site is located near the 3' end of ihc 
primer used U> bind die ampliQed target miclcic acid to die ft>lid .support. By locating 

20 th: cleavable site near the 3' end, il h possible to fu«b:r reduce the length of tlic 
amplified uuget nucleic acid, eliminating a flanking region fiom the polynucleotide 
region of interest. Clea\'able primers are dcs^bod in PCT/IIS96.^1 16, filed April 
26, 1990 (incorpnraicd hereiu l^y reference). 

The pdmer pairs described in ihb invention may be combined lo generate 

25 overlapping ?CK™ product sizes which are all distingLufiliablc by mas;;. 

f CR CX)NDinONS FOR MLLTIP LEXINC PTNR OTSULT jg 
Template: S ul. 1 :1000 dilution of AmpFISTR Green I AJlciic Ladders (PE 
30 Applied nio!i)'stems; cootain» common altcks fiom flic STR lod CSFIPO, ITOX. 
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«ikI THOI and the $c?c-l>'ping marker nmclogcab): for rcgulai- sampics, 2-5 iiL of 1-10 
ng of human genomic DN'A vr-as added u> the VCR reaciioxt 

RcflcHon Mix: 20 ul. rcsiction with JX STK buffer (Promcga; contains 1 .5 
niM MgCU 200 uM dNTPs, etc.), 1 1J laq polymerase <l*romcga), 20 pmul forward 
5 and rcvonsu primers with one of tbem lacing a primer conialmi^ a biotin ituhli y on the 
5'-&nd and a thiodiymine rtHhlim near the 3'-CDd of the oligonucleotide. 

Thcnnal Cyding; In 0.2 mL tubes in an MJ Rcseaitli DN A Engine (block 
icmpcmLurc) 94 for 2 nun; 35 cj'clcj^: 94 "C for 30 .sec, 60 for 30 sec, 72 \; tor 
'30sec;72*'Cfor5miii. 

10 

E XAMPLE 2 

SAMPLE PlJRI?lCAT r ON KOR MUUil rLEXlWC DTNR KKSLFL TS 
A t\picaE b1^dillg^vashiTly protocol for purifying; samples Tor HTNR 
1 5 multiplexing iucludis the following sltps: 

a) Wash 10 uL KtrcpL.'i\idin-euaUxi magnetic beads willi 2X bindini^'witsb 

buffer 

b) Repeal a second lime 

c) Add 5 uT, 5X binding/wash buffer then add -19 ul- of PGR .sample to the 
20 beads (1 id- was removed fur an agarose gel check) and vortex sample tube fur 1 5 min 

at slow speed 

d) Wash beads \vilh 30 id. or2XUndjng;w}i$h buffer 
c) Wash beads wth 30 uL of OJKNaOH 

£) Add30uLof0.1NNaOlIandvATU^forl0niinals1uw!»i>e^ 
25 g) Wafih biaid:^ with 30 ul. of 0.1 N NaOH 

h) Ws^ beads with 30 al.oriOmMamnuKiium acetate 

0 Repeat step (h) five times 

j) Wash beads with dcionized water 

k) Repeat ^icp (j) twice 
30 Kote after each the supernatant is ncmoved while the beads are 

magnetically held in die ImUom of the tube. 



wo 99/1 W5 PCT.'US9S/I9S?8 

After purilicaiion ihc wlid bouiiU tJiraads were released by cicavong at the 
chemically deavablc ihiophosfibHie site by Uh: ruUowfa^ in-ocedure: 7 ul. of 0.1 uiM 
silver zumilc was added and tbe samplt*:^ were incob&tcd at 4S ^^C for 15 min.;, ibo 
supertiatattt was then traasftrred to a cicao lube and 2 nI. of 70 mKf DTI was added; 
i and tuially the fKcmple was driui is a speed vacuum. For mixed .SQinpIc;^ ihe preceding 
protocol was itiodificd m ihat aliquols of the samples (eg., 5 uL TlIO J ladder- 3 uL 
TPOX ladcl45r) were mixed btrtbre the drying step. 

EXAMPLE 3 

10 MS AKA LYSIS FOR MULTIPLEXING DTNK RESU LTS 

The matrix consisted of a 5: 1 molar raiio of 3-hydit)xypicolinic acid (S-HPA; 
I«anca.sr<9r SyiithesLs) to picolinic acid (PA; Aidrich) and was prepared by mbdng 1 8 
uL of a fitsihly prepared saturated 3-1 r? A swhition (-0 J M") with 2 uL of 1 M PA 
'flie sample to be analysed was reconfaiiuial in 0.5 uL of the mauix and 
1 5 manually spoLUHl on the samjdc plate. 

Ihd InstixuneTii conditions employed wIUi a line^ir tim(M)f-flighi mass 
speciromclcT consisted of the following: accelenttlon voltage of +20 kV: delay of -1-3.6 
kV al 1.12 usee; laser selling of 1 79 on the polari:/3cr, muss gate of 5.84 usee; and 400 
shots. A 2-point mass cal ibration wth a ) S-mer (4507.0 Du) and a 36-iner (1 0998.2 
20 r>j) was employed. 

E XAMPLE 4 

Oligonucleotide primer?; are i>T>ica]ly prepared by Ihe phosphmiimidile 
approacL In this autnmaicd, solid-phaisc procedure each nucleotide is miliNddually 

25 added to the 5*-end of the gmwing oligonucleotide chain, w^ich h in turn aituchcd at 
the 3'-end to a r^^lid support The added nucteoiides are in die form of irivalcm 3 - 
phoftphoramidites Uial are protected from poliTOcrlzittion by a dimcllioxyorityl 
(^DNfT'*) group at the 5 -position. A t^er base itiduecd phosphoramiditc coupling, mild 
oxidation u> give a peniavalcnt plw>spholriester intcntJcdiaie and DMT removal 

•"^O provider a new site ibr oUgom^cleotide elongation* Tltcsc syntheses may be 

performed on a. Pcikin Elmer/Ar^ed Dios\'sicms Divi^on DN A Aynthestzer. 1 he 
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oligonucJcoiide primers are then cleaved ulT Lhi; solid supporu and the pbosptiodiefocr 
and exocyclic amina ^uups are deprotected with amaioaiiun faydroxEde. 

The biotiiu and 3'- ami S'- (S) pU»ii|phuFothioatc linkages arc also prepared in 
an auionialcd li^hion firom phi>sphonimidiic itncmicdiates tising siniilar piocedun:;> 
5 and either modi ficd ba;>es or activaicd and protected linker molecuIeN. 

EXAMPLES 
TWO STAGE MULTIPLEXING REACTION: 
- OUTSIDE PRIMERS mil IIIGirER LEVEL Min/HPLEX FOLLOWED BY 
JO SINGLE DDN TERMIK ATION 

A triplex PCR reaction was run wilh 10-ng human genomic DNA iCTiplate in 
a 20-i:L PCR rcaclion. riiniers ^.i&c for the thrse STR loci CS?1I»0, TPOX, and 
I HOl were used as described by \ fuang c/ al These primers produce larger sized 

1 5 PCR prodiujts than the ^Hirners Hsled in tliis patent and the primer sequences from 
I'ablc 1 lor these three STR Iwi are v^iiljin the product region. 

Multiplex 1*CR components: 20 \xL Tx:uaion containing L5X laq buffiir 1 1 (VE 
Applied niiViystcmftj), 200 jiM dNTPii, 1.5 niM MgClj, I U AmpliTai( Gold (PE 
Applied Biosysteins). 0.5 uM each primer 

20 Thermal cycling was pcrfonned in fl^ mL tube^ using ati MJ [Research DNA 

Engine (calculated Unripcnnme) with the ibllowing cyding paiametLTs: 93 tor 1 1 
mm; 40 cycles: 94 *'C for 30 jjcc, 64 for 30 sec, 6X V; fur 45 ^ 70 "^C for 10 min. 

Following PCR, the sample was treaurc] with shrimp-alkiilinc phospliatasic 
(SAP) to hydroly the unincocporfttcd dNTP^ Typically* 1 U SAP was added lo 

25 c»cb20]iLPCRaamplc. The sample was then incubalod at 37 "^C for 60 minute^i 
followed by heating at 75 % Tor IS minutes. 

A muldplexed primer extension asMKiy was then performod using cluivable 
primers for the duee STIK. loci. Ihe reaction included three regular deoxynuclootide 
triphospltan^ (dhTTP) io uUow incoqxNration ihrui^ the STR repeal region and a 

30 single dideo3c>'m)clco|idc triphosphate (ddNTP) y> halt extension (sec Biaun, ei al.). 
The [crminitliim by the ddNTP shonened the measured STK allele. 
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Multiplexed prinier exiuTiwQn reaction components: 20 reaciiOT coDtainhig 
IX laql- S buffer (PH Applied Bb:>yj>tcmsK 2.4 I; TaqFS, 200 |nM dOTP, 200 \JiM 
dATP, 200 LiM dTTP, 4(K) j*M ddCTP, 40 pmol CSFIPO jirimcr (SKQ IDXO:100), 
20 pTuol I POX (SEQ TD N0:3 1), 20 pm<>l THOl (SEQ ID NO: 1 03), and 2 fil- SAP- 
5 treated PC.K pru<1uct (as described above). 

Thermal cycling tor extctisionieacuon was p^fonned in 0.2 nnL lubes asing 
ar) Ml Research DNA IZngine (calculmeci Itin^eraturc) with ihc following cycling 
parameter; 95 "C for 2 min; 30 cycles: 04 for 30 sec, 55 for 30 sec, 72 far 
' 45 sec; 60 fitr 5 min. The lusulUini produci was purified and analyvxd as detailed 
10 in ihe examples above. 

.As seen iji Figive 8A, ihe posidblc alldcs incSnding tiiicrovariants, jaich us 
THOl 9.3t arc refiol vable from one another in all three S IR systems even though Ihcy 
overlap in Ihc mass ratige. Figure KB illusttatcs a result with tfik particular S I'R 
multiplex. Tlie siimple eomaias a InHno^goiLS TPOX allele 8, hetcroy.ygous 'i'HOI 
13 alleles 6 and 9.3, and a liomvi^^^-gous CSFIPO allele 12. In this purticular case, Ihc 
strand conuJniitg an AATG or ATAG repeat wa.<; use*! in all three SIR ioci so thai the 
same dideoxynucleotldc Criphoshate (ddC) could be used to iLnninate the strand on the 
opposite Side orihe repeat from the cleavable primer. AA^x the exle^^^on reacxioa 
witli ihe ddNTP and the cleavage reaction, the repeal region und only a flanking few 
20 bases on cidier side of the repeal are present for the three STR loci. Mass accuracy as 
well rea)lQtion and scnsidvixy arc irc^roved in llic masjs sqpecuxDmetcr by going to 
smaller 5rtzes for the STR alleles using ibis approach. 



EXAMPLF6 
TWO STAGE IVniLTlFLEXINCw REACTION: 
OUTSTOK PRIMERS FOR HUMMER LEVfcL MI Jl.TTPLRK FOLL OWD HY 
ins PRIMERS IN LOWKR LEVEL M1?LTIPL EX THAT PRODTICl^: 
SMALLER PCR PROttUCTS 



30 



In a situation wlierc there h a mudl or limited amoiml of DNA tempUrte 
available, a highly multiplexed PCRieacuun may be pexlbrmed initially followed by 
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a second siai^i: PCR with primers that are inicrior (i.c, closer to the rcj>cvx region ) thai) 
those contained irt ihc Grst muldplcx ^ncst^d rCR'\ The fxrsx muhiplex iXHiJd 
includii, Tot example, 8-14 S'iH. loci thai ate PQ<.-amplll:ied simuhaneoiisly. Aiic|uols 
of diese acnpiicons could then be divided and roiTnpUfied in a secoiKi PCK reliction 
5 Witb primers for n ttubsct of the STR loci already ampli flud. For example, six duplex 
Tvnclions or four triplexes with mas.s s^^cctroscopy printers could be performed to 
meoaturi: M of Uic STR loci in an initial 12-p1ux reuuiun. Primers used in tliese 
duplexes could be Irom those listed in Table 1 . Provided lhal the primeri for the first 
Istagv multiplex are outsicle (oi at leant identical to) the stccood sUagc primer sct!j, this 

10 ^proach will woik for any PCR-cora^iaiiblc primers. 

'llie advanea|.',c of the nejitcd PCR approach i% that a SAI^-treatmcnt is not 
requited (vts in Hxample 5^ before the second stage reaction as dVfl*s ai'e used. 
However, mexciunxl STR alleloii will be longer and thus more challent^mg to analy/c 
m the miiss apectromeicr I him STR ailcic products created with the primer termination 

15 reaction (ddN) approach described above. 

£XAMPr.R 7 

FT4 PAPER U SE D IN PCR REACTIONS IN PLACE OF KXTRA C TT:!) DNA 

20 Liquid bkiod wus suiined on an VTAJ*^ Card (I jfc Technologies, 

GaltlicrshuTg, MD) and allowed to ajr-dr>' Tor 1 hour. A small pi»nion of blood- 
stained pafKT was cut out of the wcXer of die ftpt^i and plitced in a 0.6 mL tube. An 
aliquot oi' 50 jiL FTA™ Purificaiiou Reagent (Life Technologies) was added to tJie 
tube «nd vortexed for sev^al seconds. Tlie tube was allowed lo sit for 5 minutes at 

25 room temperature, llieciibeumvortexixl attain and the I^uid in the tube 

removed. Anolher aliqnot of 50 |iL ITA''^ Purification Reagent was added lu the 
tube and the vortexing and wailing steps were repealed as described ubuve. The 

paper was then washed a thud time with FTA^ Purification Rci^sent and then 
washed twice more with ddoniTsed watK. After thcijc vadbsSf the liquid was removed 

30 widiapipetandthelTA^^paper punuh wasleftinthctobc toairKlry t^^ 1 hour. 
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ntic diiecl puncli wa^t added directly lo I'CR amplification mix in place of 
extracted human gureTOic DNA. PCR was perfiwincd as described ia Ibc other 
t^xunrpies with no chot^cs id ampl ificaijon condittonst or i^utgenis. No decrcaiK; in 
PCR efficiency was observ^sd when the FTA^*^ paper wascorMpaicd lo standard K562 
5 human genomic DNA templates. The use of F VA^^ paper greatly facilitates liie 
automation of DNA typing proceduri^^j ns extensive UNA extraction is not needed 
from liquid blood sampleAi. 
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WliATISCI^AlMKOlS: 

1 . A mUhod lor ai'iah'zii^^ DNA tandem nucleotide rcpcsal alleles at a DN A 
tandem nuckoddc rcp&at iocus in a utiget nucleic acid by mxss f^nectrometiy, said 
method con^prisitig 

a) obtaining a target nucleic acid comprising a DNA r;indem nuelcvtid^ repeat 

region; 

b) extending iJii; target nucleic acid asing one or more prijncre to obtain a 

S « limited aiyx^ moge of nucldc acid extdtsion products, wiicivin one or 

more primers arc complen^cnuiTy to a sequence flanking the T>NA 
tandem nucleotide rqiciit of said k^cu!^ und 

c) determining the ma$» of the nucleic acic extension products by msi^ 

spcclrometiy. 

2. Thi; method of claim I . wherein a 3' end of one or mtiv primers immediately 
1 0 flitnlis a DNA tandem nucleotide repeat regioru 

^ . The Dietliod of claim 1 » witercin one or more primers comprise a sequence 
compicmimiar\* lo up to one tandem repeal oflhe DNA tnndcm nucleotide repeal 
kiciis. 

15 

4. The method of ckdm X Whcrdn one or mure primers conoprisc a sequence 
complcmentaiy to tip to l>vo tandem nqieats of the DNA tandem nocleotide repeat 
iocm. 

20 5. llie method of claim 4« wlicrcin one or more primers compri^* a sequence 
complimisntary to ap to three tandem tqpcots of the D>3A tandem nucleotide repeal 
locus. 

6. The method of claim I , wherein at least one primer coooprises a cleaviible site. 



7* *lhe methf)d of claiim 6^ Vrhcrcin the deavable site comprises a recognition site 
tor a rcdUicUon endonucleaNc, on exoiiucleafic blocking siie« or a chemiciilly cleavabk 
site. 

The method ofclaim 7. wherein the clcavable site compri:^s ;i chemically 
cleaval^lc siic. 

5 

.9 Hic method ofclaim 6. wherein wherein Hi least one primer is capable of 
attacliing to a salid support. 

1 0. The method of cUiim 9, wherein at Icas^l one primer comprises biotin or 
10 clii^uxigenin. 

1 1 . The method of claim 1 » wherein the extension of at least ot\e primex is 
tcrnuuatcd tising a chain Lstmination rcagaiu 

1 2. The method of claim 1 2, whcran ihe chain terminau'on reagent is a 
1 5 dideoxynticlcolide triphosj^alc. 

1 3. lliu method of of claim 1 « i^lieruin {h» locus is selected from the group 
consisting of CSFIFO. D5S81 8, 1)78820, D8SII79, D13S3I7, D16S5.W, Dl 6S539, 
D18S5I,D2IS1 1, DYS19,F13Al.PES/W% 1-GA, IIPRTB. THOl/fPOX, DYS388, 
DYS391, DYS392, DYS3<)3, D2S1391, D18S535, D2S133S, D6S477, 

20 D1S51R, D14S306, D22S684,F13B, CD4,D12S391, D10S220 andD7S523. 

14. The method ofclaim I3« wherein two of the primers conqnise a pair of 
sequencefb selected fixuu Die group consisting of 

a setiuence according to SRQ IF) >iO:l and a sequence uoconling to 
SEQlDNO:2; 

a sequence according to SEQ ID N0:3 unci a sequence accordmg to 
SEQIDN0:4; 
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a sequence siccoiding to SbQ ID IsO:5 and a sequeocc according li> 
SEQ1DX0:6; 

a .sequence ixxording to SEQ ID KO:7 and a sequence accnrdinj; to 
SEQIDK0:8; 

a sequence aixuiding to SHQ U) NO:V and a sequence ncvoiding to 
SF.01DKO:10; 

a scquunct: accoidtng to SEQ ID NO:! 1 and n t^cquence according (u 
StQlD N0:12; 

a scqwaice accordiiij; to SEQ ID N0:13 und a sequence according to 
SEQIDN0:14; 

a sequence acconfing to SEQ II } NO:}5 and a sequence acootding lo 
SrOIT)NO:i6: 

R sequence acuiiding to SEQ IL) NO: 1 7 and a sequence acconling lu 
SEQ ID NO: 18; 

a sequence acixirdiog to SFQ ID NO: 19 and a sequence according lo 
SFQin NO:20; 

a sequence accotding to SEQ ID NO:21 and a sequence swcording lo 
.SEQn)NO:22; 

a sequence uucoiding to SBQ ID N023 and a sequence accofditig to 
SBOIDNO:24; 

a sequence nccrading to SliQ ID N025 and a $equejK« according lo 
SEQ1DN0:26; 

u ^uence according to SEQ ID \0:27 and a sequence »ccuiding to 
SnQIDNO:28; 

a sequence according to SEQ ID N029 and a jtoqucncc accordiog to 
SliQ ID NO:30; 

8 sequmce according to SEQ ID \0:31 and a sequence according to 
SEQIDKO:32: 

a scqucnw according lo SEQ ID NO:49 and a sequence according to 
SEQIDNO:83; 
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a ftuquL-oce according to SliQ ID NOi52 and u sequence accoiUing to 
SEQIDKO:84; 

a sequence accotxling SHQ ID NO:54 and a sequence aucoiding lo 
SRQII)KO:85; 

a sequence according lo SBQ 11) NO: 56 aiid a sequence accordir^ U) 
SHQ1DK0:86; 

A sequence according to S£Q ID X0:S8 md a sequence acvording to 
Sr/iIDKO:87; 

a seqoetKe according to SPX} ID NO:59 and a sequenue accordii^ w 

a sequence acvcoiding to SEQ ID XO:62 and a sequence accMiding to 
SlrX?lDK0.R9; 

a iiequenu; accoFdit^ to S£Q ID NO:63 and a sequence aci:oKling to 
SEgiDNO;90: 

a sequence aecordir^ lo S£Q ID 'NO:66 and a sequence aucordingto 
SEQ1DN0:91; 

a sequence; accordtt^ to S£Q ID NO:67 and a seqiience accordbg to 
SEQIDNO:92: 

a !»cquuicc accofduli; lo SEQ ID NO:70 and h s^equence according to 
SEQIDNO:93; 

a »cquaice according to HEQ n>NO:72 and a sequence according ta 
SrQIDNO:94; 

a sequence acceding to SKQ ID NO:74 and a sequence according to 
SEQIDN0:95; 

a sequence accoidit^ lo SEQ ID NO:76 aod a sequence acuording to 
SRQ1DN0:96; 

a sequence acvcodiDg to SEQ ID NO:78 and a »:qu«nce according to 
SEQ1DN0:97; 

a soiuence acconUng to SEQ ID N0:80 and a sequence according U> 
SEQ1DNU:98; 
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a !>t:(iu^c-e accocdmg lo bliQ ID NO:66 and a sequence according lo 
SEQIDN0:9!); 

a sksquence according to SEQ ID NO: 17 and a sequence according to 
SF-01i3NO:100and 

a scqncncc accoc ding to SF-Q ID NO: i 0 1 and a sequence according ui 
SEQ IDNO:101 

1 5. The method of claim 14. wherein more tlian otii: largel nucleic acid is extended 
^Lu produce more than ono Qucleb acid cxccnijion product 

1 6. The method oC claim 1 5« wl^cin the. mass of more Ikin one DN A umdem 
nuclcodde repeat allele ai more than one DN A. tiindam nucleotide repeat loci arc 
determined .simultaneously. 

17. Tlie method ofclaim 16, ^Wein the DNA tandem nucleotide repeat loci have 
overlapping allelic ma5M mn^es. 

1 8. The metliod of claim 1 7, wherein th;^ nucleic acid extetifiinn products liave 
inteiieavin]^, mass ^qpectral peaLs. 

1 9. llie method of claim 1 7, wherein at least one nacleic acid exicnsicm pioduci 
contains a mas5 mudiiied nucleoude. 

20. The method of claim 17, wherein the Icngdi of at least one nueiek add 
extension product is reduced by clcuviiig the nadeic add extension pioduu at a 
elcavable site. 

2 1 . The method of claim 20^ wt erein the deavable site comprises a restriction 
endonuclcasc cleavage site, an cxonucleasc bloekiog site, or a chemically cleavable 
group. 
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22. Hh! cnelhod of claim 2 1 » wherein the dcirvable site uumpriiies a rccogtiilion 
site for a resiriaion ^ndonuclcasc. 

23. '{\xc method of claim 21 > whei'ein itu; ckavable site comprbcsaii exonuckase 
5 blockiug site. 

'-24. 1 he method of claim 2 1 . wherein the cleavablc siic comprises a cbcmicaJiy 

1 0 25. I'he method of claim 20, wl^crLin wtereii) tiic firsl primer Ls capable of 
attaching lo a solid supporL 

26. The method of claim 7.5, vrterciii Ihu first primer comprises blolin inr 
digoxigenin. 

27. A method for multiplexing Che jdentificalix.in of more tlian tmc ON A laodem 
1 5 nuclcolido repeat region from more than one DKA tandem niicleotide repual loci, 

comprising: 

obtaining aiore Uian one nucleic aeid exteiusion piodiict by exiending one or 
nmru primers oomplemcniar>* to sequences flanlung the DN/V Uindem 
nucleotide rqicuL r^on, and: 
20 dctonnining tlie nuLsscs of more than one nucleic ucid oxUaosion product 

simulianoouidy by mass ^mrtrometry, 
wbi^rein the nucldc acid extension products bavc overlapping allelic trx^xss ranges. 

28. Tlic method of claim 27, ^-herein a 3' end of one or more primers immixiiaieiy 
25 ilanks a D.\ A tandem nucleotide rvpea; regiort. 

29. 'I'he method of claim 27. Mf"hercin one or mocv primers comprise a sequence 
cntnpienieniaiy to up to one tandem repeal of the DNA umdem nucieocldc repeat 
locus. 
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30. L'he method of claim 2^^ ^I'h&re'm one oi more prmiers cuxqsrisc a sequence 
complcmcmaiy u> up to cwo tiindem repeats of die DN A landem nucjcoiide repeat 

locus. 

5 

3 1 . The method of cicum 30» viierein one oi more primers comprise a sequence 
comple]nentAr\- lo up to three Umdon repeat*^ of Ihc DNA tandem nuclcolide repeat 
locus. 

1 0 32. The tnctliod ofclaini 27, wherein the exUinsion of at least oiil- primer 
icnuimaed using a chain Umnination roasscmt. 

33 . The method ofclaim 32. ^vhc:^cin the diain tLTmimilion reagent i$ u 
dideoxynuckotide tripho5ipalCr 

IS 

34. TIk; method of claim 32, whercij) at Icusfl one targei nucleic acid extension 
produce contains a mass modrfying i^Hip. 

35. l'he method of claim 3'1, whwein the mass inodiTying group comprises a mafcs 
20 modified nucleotide. 

36. l'he method of claim 34, wticrein die mass modifying group coi nprises a 
nnnscandard deoxyribonuclmlide* 

37. The method uf claim 27, ^ivscin the cleavablc site comprises a ax*ognitiott 
^iu: Tor a restriction cndonuclease, an cxonuclease blocking site, or a chemically 
cleavable site. 

25 

38. The method of claim 37, wherein die cleavable site comprises a recogniiion 
sice for a restriction eodomKleascc 
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39. The method of claim 17, wberdci ihc ckwabfe site comprises aa exonudeafic 
blocking siic. 

40. The method of claim 37, wherein the clcavabk site comprise!* a ciiemically 
5 clcavable*siic. 

A 1 . The method of claiin 34, wherein the mass madii>'iTig. ^oui? is incorporated 
during extcnHion ur llw DUcJeic acid extension prxuhwt. 
* 42. The method of cUiun 34, whcrcm the mass imHlirying group is incorporated 
10 aflLT extension of the micleic acid exten^nnn product 

43. A method for muliiplcxing tlic idculiJkarion of more than one DN A laudem 
nucicoride repeat region from more than one DN A Umdem nucleotide repeat locu 
co[xq>rising: 

1 5 ohtai ning mxx than one nucleic acJd amplification product by amplifying twi 

oi more primers complemenUu^y to sequ«iocs flaukmg Uie DNA tandem 
nucleotide repeat region; and 

determining the ma^sses of more Uum one nucleic acid amplification prpdnct 
simultaneously by ma«ws bi>eotromecry, 
20 %vba%in the nucleic acid extension products liavc oxxtlapping allelic ma^w ranges. 

44- The method of claim 27, wherein a 3" end of one or more prirnen^ hnmedisicly 
flanks a DNA tafidarm uuel«»>tide repeat region. 

25 45. Tlic nieihud of claim 27, >vha'e[n one or more primers comprise a sequence 
complonentaiy to up to one tandem repeat of tiic DMA tandem nucleotide repeat 
locus. 

46. The method of claim 45^. \^crcm one or more primers comprise a sequence 
30 complemeniary to up to two tandem repeats of die DNA tandem nucleotide repeal 
locus. 
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47. I'he method of cUim 46, wherein one or mocx: primers comprise a .scqueoce 
complcmcntaiy to up to Hxrcc imdem rcpc^Os ofihe DNA tandem nucleotide rupcHt 
locus. 

48. The medml of claim 27, wherein at least one larpci nucleic acid atnpliiicatiosi 
product Cf.mUiin& n mass modifying group. 

' 49. The mediod of claim 34» wheidn die mas& modi fyiniE group compises a mass 
10 modified nuckolide. 

50. T he mcdiod of claim 34» wlierein ihe mass modifying group cotnprises a 
nonstandard dcoxyribonucleotidc. 

51. llic method of claim 27. wherein tlic clciwiibje ^e comprises; a recognition 
Hiuz for a n^lriction eiKlonticloase« an LxonucJease blocking siU;» or a chemically 
cleavable site. 

15 

52. The method of claim .^^7, wherein ihe cleavable site comprises a recognition 
jdic for a restriction endoni:clease. 

53. The method of claim 37^ wherein the cle»vable site comptiscs an exonuclease 
20 blocking site. 

5A. The method of claim 37, wherein ihc cleavable site cnmprisies a cltetnically 
cleavable site. 

25 55. The niedu>d of claim 34, whendn the msa^a modifying grottp is incorporated 
duricig umplification. 
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56. The method of claim 34^ 'wherein the nijiiss moctiiyiiig group h incorporated 
after autpUncalioiL 

57. A. kit lor analy7ing alleles of a DNA LsiTnIem nucleotide repeal Jocus in a larga 
5 nucleic acid by mu:ss spectromciry, comprising 

a first primer complemetiiury io a sequence flanking 'a DNA tandem nucleotide 

repeat r^^on of said locu^, and 
a second primer cotnplcmeDtarv' to a sequence flankitui a DMA landem 
nucleotide repeat rugion of said locu^ 
10 "(^licrcin ihe first primer md second primci \m used to gencraix: » limited siyr nmgc of 
nucleic acid pro<lucts tor analysis by mass speciromccry. 

58. Tla: method of cl^m 57,, wherein a 3 ' aid of one or mow primers immcdiaJcly 
rirmks a DKAuindcin nucleotide repeal region. 

1 5 59. The n^cthwd of claim 57, wherein a 3 * end of one or mon? primers immediately 
fbnk a DNA umdem nucleotide repeat region. 

60. The kit of claim 57, ^^'he^ein at lea^l one of the first primer or the second 
primer comprise a sequence complanentary to Ufs to one umdem repeat oftlie DNA 

20 taitdcm nucleotide repeal lucus« 

61. 'ITie kit of claim 57, T^-heruin at least one of ihc first primer or the secoiid 
primer comprise a sequence complcmenlai}' to im to i\vo umdcm repeats of the DNA 
tandem niicleotice repeal lows, 

25 

62. 'I'he kit of claim 57, wherein ul least one of the first primer or <he second 
prima: comprise a seqinmce complcmcnlary to up to {hree tandeni repeals of Ihe DNA 
tandem nucleotide repeal loeus/ 

63. Tlic kit of claim 57« wherein the first primer comprises a cicavafaie site. 
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64. Tlu: k\\ of claim 63, ^liereia ibc clcavable site ccwnprises a recogDiuon site for 
u restriction ecukmudease, an cxoDuclea.se blockiug site, or a clacrnivally cicavabic 
5;iLC. 

65. Tlic kil iifckiim 64, wherein ulcMvable site comprises a recogniiicm site for 
a re:jUiclioi] endonuckase. 

5 * 

66. Ulie Lit of claim 64, wltcn-iii the clisavablc site compri!;i^ a chemically 
cleavable $itc. 

67. The kit of clai rn 63 * whercitt wherein tlw fi-rjt primer is capable of attachit\g to 
10 a solid support 

68. The kit of claim 67« wherein the iirst primer comT^iscs biotin or dtgoxigenirt 

69. The kit of cicuni 57 wherein the UNA tandem nucleotide repeat iocus is 
seJcclvd from tiie group consisting of CSFIPO, D5S8 \ 8, D7S820, T>8Si 179, 
D13S3I7. D16S539, D16S539,Dl«S51, D21S1 l,DYS19. F13Ai, FES/tPS. KGA, 
HPRTB, niOl , TPOX, DYS3W, DYS39J . D YS392, DYS393, 11281391, D18S535, 
D2SI338, D19S433, ri6S477. D1S518, DI4S306,D22S684, Fl3n, CD4, D12S39I, 
D10S220aiidl}7SS23. 

70. Ilie kit of claim 69. wherein the first arid second ]»imcr contprise a pair of 
sequences selected trom the t^oup consisting of 

a sequence according to $£Q ID NO: I and a &^ueitce according to 
SE0IDNO:2; 

a 5x:4ucnce according to SFQ ID K0:3 and a ^oenc-e according to 
SF.Qrr>N0:4; 
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a sequence according lu !>bQ ID XO'J «nd a sequexice ftccording to 
SEQ ID NO:6; 

a sequence acconUng lo SliQ ID X0:7 and a sequence according u> 
Sli(;!lDN0:8; 

a sequence according lo SEQ ID N():9 and a suqu^ince according to 
SFQmNO:10: 

a sequcntv aecording to SEQ ID NO:1 1 mid a sequence aeooiding tc> 
HtQlDNO-.U; 

a sequence acconfing to SEQ TT) NO: 13 and a sequence according to 
SEQ ID NO: 14; 

a sequence accindiiig to SKQ ID NO: 15 and » sequence according lo 
SEQ ID NO: Kj; 

ii sequence according lo SEQ JD NO:I7 and a sequence according u> 
SnQIDNO:lR: 

H sequence aecording u» SEQ ID NO: 1 9 and a sequence acctwding m 
SnQTDNO;20; 

u sequence according Im SEQ ID N():2] and a sequence acwidiiig to 
SEOIDNO:22: 

a sequence itectndii^ to SEQ ID N0:1^ and a sequence according lo 
SF.0 (O NO:24; 

a sequetiee acceding to SIX} ID N0:7S and a sequence accoidii^ u> 
SEQlDKO:26; 

a sequenee according to SVjQ ID NO:27 and a sequence according to 
SEQIDNO:28; 

u sequence according ii> SEQ IDNO:29 azKi a aequenee accorxUi^ to 
SEQlUNOtSO; 

8 sequence according to SFX) ID N0:3 1 anda suquence aceuidii^io 
SFX3inNO:32; 

a j^quenco uccotttit^ to SEQ ID NO;49 and a seqwnee aceotding to 
SEQIDNO:83; 
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a sequcn^x: ttccording ig SHQ ID N0:S2 siid it sequence acconding to 
SEQID NO:84: 

a seqiicnce acconling lo SliQ ID NO;54 and a sequence according to 
SEQlDN0:g5; 

» sequence acconling to SEQ ID N(>:S6 atKl a Kcqisence according U> 
SEQlDNO:86; 

a SQC|uenc<; uccordinsi lo SHQ ID NO:58 and a sequence according to 
SEQID NO:87; 

a scquu-nce according to SEQ 1 1) NO;59 and a scqurace according to 
SEQIDNO:88; 

u sequence acci.irding to S1?XJ| ID NO:62 and a sequence according to 
SrO IDNO:89; 

sequence according 4a SJtg ID NO:63 and a sequence according to 
SEQID NO:90; 

a sequence according lo SliQ ID NC)i66 and a sequence according to 
ST:QmNO:91; 

a sequence according lo SiiQ ID NO:67 and a sequence according to 
SF.0 Tl)NO:92; 

a sequence according to SBQ ID NO:7fl ami a sequence su:cording to 
SRQ ID NO:93; 

a sequence according lo SliQ ID NO;72 and a sequence uccoiding to 
SEQIDNO;94; 

a i>i;qu«nce according to SPJQ ir> NO:74 ami a ftccjucncc accoidiai! to 
SEQlT)NO:95; 

a sequence according lo SEQ ID NO:76 and a sequence according to 
SEQ ID NOr96; 

& sequence accotdii^ to SFXJ ID NO:78 and a ^sequence accordii^ to 
SrXJTnKO:97; 

a sequence according to SEQ TD NO:80 and a sequence according lo 
SEQIDK0;9«; 
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a sequence according lo SbQ ID NO:66 and u sequence accordiag to 
SliQIDKO;99; 

a sequesKc according to SEQ TO NO:33 and a sequence according Ui 
SEQIDNOilOOajid 

a <;equcncc accordiiig tu SEQ ID NO: 101 md » sequence aecc.ir<ling tu 
SEQ IDKO:103. 



71 . A kit for anai jvinj; alleles of hmjtv ihan one DNA tarsdcm nucleotide repeat 
locus En a tan.'ci nucldc acid by mass specuomctiy, comprusing 

a plurality ufprimers. wherein each said primer is complemeutiiry U> a 
3 sequence flarddng a DKA liuidcm nuclcoridc vcpi^x region and selected 

Ui yem^iate a limited size ratige of nucleic acid products for a»aly<)is of 
said locus by mass speciromctr>' vipott exiciisioa 

72. . The method ofcltiini 7U wterein a 3' end of one <ir nune primers immediately 
1 0 flanks a DNA tuTHleoi uucleoiidc repeat region. 

73 . The kit of claim 71 , wherein at least one of the plurality of primers compri!;e5i 
a. liixjuimce complementary to up to one tandem repeat of the DNA randcm nucleotide 
repeat loelfi^. 

15 

74. Ihe kh of claim 7 1 ^ vviierein m I<jas4 one of the pluraJily of pr imerfv comprises 
a sequence complementary to up to two Utndem repeat!; of the DNA tandeni 
nucleotide repeal locus. 



2U 



75. The kit of claim 7 L wherein at least one of fte pluiijjity of primers comprises 
a sequence complementary to up to three [andem repeats of ihe DNA tandctn 
nucleotide rqx:al locus. 
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76. ' Ihc kit of claim 7 1 , wherein ihe extension of at least one prim«r is icnninatcd 
using Q chain tcmiinadon reag dl 

77. The l<il of claim 7 1 , whLTcin Iht? chuin tennination rcgigcnl is* a 
5 djdeo?<ytiuc1coiidc triphospaie. 

78. '1 lie kit of claim 71 , wherein at least one oftiic phiralicy of primers comprises 
a cleavablc site. 

^79. Tlie kk of cLnm 78, wjiereiu Uic clcavablc site oomprLses a rccojmition site for 
H restriction endonucleasic. an exonucleasc Mocking &iu;, or a chemically dciivgble 
site. 



1 0 SO. The kil of claim 79. wherein the clea\'ahle she comprlsics a recognili*»n site for 
a restriction el]donllclctt:^u^ 



8 J . The kit of claim 79. nlierein die cluivablc site comprises a diumiciiU}' 
clcavablu' sile. 

15 

82. 1 he kit of claim 78, whwcin wherein at Icasi one o F the phnaliiy of primers is 
cai^Ie ofalUiching io a solid imppoit 

83. 'ilie kit of cldm 82, wherein at least one of the pliaruliiy of primers comprises 
biotin or digoxigemn. 

84. *11ie kit of claim 71 wherein at least one of the DMA tandem nnclcotide repeat 
loci 1^ selected &om the group consisting of CSFIPO,D5S818, D7S820, DR$1179, 
DI3S317,D16S5J9,D165539.DlSS51,D21Sll,DYS19,FnAl,FKS/^^ 
H1»RTB, TIIOI, TPOX, DYS3g«, DYS391. DYS392, DYS39.'i, D2S1391, Dl 8S535, 
mSl338, D19S433,D6S477, D1S518, D14S306,D22S684, FI3B, 0)4, D12S39I, 
I)lOS220andD7SS23. 
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65 . llie kit of claim 84» n^lieruin iwo of the pluralUy of primers comprise a pair of 
sequences sclccicd from the group coniMsiing of 

a j^cqucnce according to SHQ ID NO: 1 ^ind a sequence; according to 

SRQTDN0:2; 

a sequence according to S£0 It) NO.l and .scc|iicnce according lo 
SE01I>NO:4; 

a sequence according to SFQ ID NO'S and a sequence according to 
SEQID N0;6; 

a sequence acctirding to SKQ ID N0:7 and a .sequence accorditig lo 
SEQTDN0:8; 

a beqoeiice according ta SJtQ iU N0:9 and a cicqucnce according lo 
Snon)NO;!0; 

a sequence according St-Q ID N0:1 1 and a sequence according to 
SCOI1>NO:12; 

a sequence according to St-Q JDN0:13 and a sequence accDrdicg to 
SRQTT) NO:14; 

a sequence according Ui Sli-Q ID NO: 1 5 and a sequence acci>rdicg to 
SR0ll)NO:16; 

a sequence according u> SHQ IDN0:1 7 ami a seqneace acctirdiog to 
SBQID NO: IS; 

a sequence according to SHQ ID NO: 19 and a sequence aucording to 
SEQIDNO:20; 

a sequence according to SiKQ ID N0:2 1 and a scqwaicc accordicK to 
SE0n)NO:22; 

a sequence according u> S£Q IDNO:23 and a sequence according to 
SEQ1DK0:24; 

a sequence accordii^ to SEQ ID NO:25 and a Sicquence according to 
SF-0n)KO:26; 

a sequence accordii^ to SPX} IDNO;27 and a sequence according to 
SEQ1DX0:28: 
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a scqucnve accordit^j lo SUQ ID NO:29 and a sei] ucnce according to 
SliQIDNO:30; 

a scqunice actxiTding to SEQ ID NO:3 1 and a sequence acuording to 
SnQn)NO:32; 

a sequence according to SEQ [D NO:49 und a sequence according lo 
SEQroNOryj; 

a sequence according to SiTX) ID NO:52 and a sequence accttrding to 
SnQIDNO:84; 

a sequence accoidlog to SEQ ID NO:H and a sequence according u> 
SEQIDN0:8S: 

a sequence according to SEQ IDNO:56 and a sequence according lo 
SH01DNO:86; 

a sequence acconlinj; to SEQ rDNO:58 and a sequence according to 
SEQJDNO:87; 

a 5seqiicnce ncconling (o HMQ rDNO:59 and a sequence accordu^ to 
SEQ1DN0:88; 

a .sequence according to SEQ ID NO-.62 and a sequence accordu^ to 
SEQIDNO;8y; 

a sequence according to ST-Q ID 'NO-.63 and a sequence accordii^ to 
SEQIDNO;90; 

ti sequence according to ST>Q ID NO:66 aiid a sequence according to 
SEQIUNO:9J; 

a sequence accor^ng tn SEQ ID NO:67 ami a sequetice accordUig lo 
SEQlUNO:92; 

a ssqucnce aocotdhig to SEQ TD NO:70 and a sequence according to 
SEQ1DKO-.93, 

a sequence aocordii^ to SEQ ID 'NO:72 and a sequence according to 
SEQIDNO:94; 

a SMKiuoce according tA SFQ ID KO:74 and a sequence according to 
SBOIDNO'.95; 
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a sequence according to S£Q ID NX}:76 ami a *«:qiience according to 
SHgiDNO:96; 

a Kcqurac« accordm§ U> S£Q ID X0:7$ and a sequence according lo 
SEQIDXO;97; 

a sequence according to SEQ ID NO:S0 and a sequence according', to 
SliQlDN0:9R; 

a sequence according Uy S£Q ID NO:66 and a sequence a<xx7rduig to 
Sl;giD>;0:99; 

a sequence according lo SEQ ID N 0:33 and a j;equcncc according lo 
SEQTD\O:100and 

a sequence accurding to SKQ ID 1^ 0: 1 0 1 and a ;>cciuence according to 
SKQn)NO:103. 

86. An oUgonuclcotide printer coinprLsing a nucleic acid sequinice- complcnicn(ar>' 
to a ^ucsace ilahking a DNA. tandem nucleotide repeal rc};ion» v^erein i:\t6nsioii of 
the pritner generates nucleic acid products for mass spectral analysis, said nucliric acid 

5 products having 1 0 co 1 00 nucleotides in Iwaigth. 

87. The method of claim 86, ivlicrcin a 3' end of one or more primers immediately 
ilanlcs a DNA tandem micleolide repeat region. 

88. The cligomicleotidi: primer of cldim 86» further ci^rnprisdng a sequcacc 
complemenlary lo up lo one tandem repeat oF die DNA tandem nueleodde repeat 

10 locus. 

89. Tlie oJigonucleotids primer of claim 86, further con^rism^ a sequence 
cumpiemeotat)' 10 up to nv'o tandem of Lhc DNA tandem nucleotide repeal 
Jocus. 



15 
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y 0. The oli gcmuclcotidc primer of claim 86» turthcr comprising a sequence 
complcm;miaiy to up to three tandau R^ieaU of ihc DN A Uuidem lujclcoiide repeat 
locus. 

3 91 . The oligoiiuclwlicic primer of claim 86 wherein the 1oc:[l*> h ^Amcted from tbo 
group cofi.>dsling of CSFIPO, D5S818, D7S820, D8S1 179. D13S3 J 7, l)16S53y, 
D16SS39, DI8S5LD21SI U DYS19» FnAl^FRS/PPS, V0/\ UPRTB,THOl, 
TRDX. UYS388, DYS39UDYS392, DYS393, D2S1391,D18S535, D2S1338, 
*D19S433, 1)6S477. DISS18, D14S306, D22S684, ¥13B, CD4, DI2S391,D10S220 
10 andD7S523. 

92. The rrimcr of claim 86, wherein the sequence flanking tlie DXA Inndem 
nucleotide repeat Xctais comprises a nunldng sequence selected £x>ni the group 
consLstirtg of a sequence acciwding to SEQ ID NO; 104. a sequence according to SliQ 
ID MO:105, a sequence according to SEQ ID NO: 106, a sequence accordiru^ k> SiSQ 
ID N0:in7. a sequence according to SEQ ID N(J;108, a sequence acconiing to SEQ 
ID NO: 109, a sequence according l(j SEQ ID NO: 1 10, a sequence according Ui SEQ 
ID N0:1 1 K a sequence according to SEQ ID N0:112, a sequence according to SEQ 
ID NO: 1 1 3, a sctiucnce according to SEQ ID NO: 1 1 4, a sequence according to SEQ 
IDNO:! 15, a sequence according to SEQ ID M0:1 16, a sequence accoriing to SEQ 
ID NO: 1 1 7. a seqiHsnce according to SEQ ID NO: 1 1 8, a sequence accordfii^ to SEQ 
TD NO: 11 9, a sequence acccading to SEQ ID NO: 1 20, a licqucnce according to SEQ 
ID NO: 12 1 , a sequence according to SEQ ID MO: 1 22, a sequence according to SEQ 
ID NO: 1 23 . u sequence according to SEQ ID NO: 1 24, a sequence accordmg to SEQ 
ID NO: 125, a scqucsnoc according Uj SEQ ID NO: 126, a sicquence accondii^ fco SHQ 
TD NO:127» a sequence according to SHQ ID NO: 1 28, a sequence according to SEQ 
ID NO:129, a sequence aceocding to SHQ ID NO:130, a sequence according to SEQ 
ID NO:1 31, a sequence according to SEQ ID NO:I32, a sequence according u» SEQ 
ID NO: 1 33, a sequence according to SEQ ID NO:134, and a scqueoe^ according to 
S£QlDNO:13S. 
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93 . The method of claim 92, wherein a 3' end of one or mor primers immediately 
flanks a DNA tacidcrn nucleotide repeal region. 

M. • The oligomicleoiidc primer of claim 92, funhor comprising a .soquOTce 
5 complemcniary (o up to one tardcin repeat of the DNA Uimtcm nucleotide repeat 
iociis. 



95. Tlic oligonucleotide priTncr of claim 71. funlicr comprising a sequence 
complementary to \tp lo two tandem repeats of tlie DNA imjdem nucleotide repeat 
locus. 



yC\ The origonuclei>lide primer of ctwim 92^ wherein the prima: furtfier comprises 
10 a sequence complementary ici up lo three landom repeats of the DNA Uindem 
nucleotide n^peai locu^. 

97. The oligonucleotide pfiuier ofclaim 86» wherein flic oligonucleotide primer 
iurther c<imprises a cleavablc sile. 

98. 'Ilie oligonucieolidc primer of claim 97> wherein die cleavabic site comprise* a 
recognition situ Tor u restriction cndonuclease, an exonuclcase blocking siic, or a 
chemically eleavable site. 

99. The oligonucleotide primer of claim 91 , wlK^rein che oKgcmuclcotidc primer 
em^^rises a nucleotide sequence selected from the group coiu>ibling of a seq\2cnce 
iKXordmg to SHQ ID N0:1, a sequence according to S>EQ ID N0:2, a sequence 
according to SEQ ID NO:j. a fKiquence accofding u> SKQ ID N 0:4, a sequence 
according to SEQ ID N0:5, a seqiKcnec according lo SEQ ID N0:6, a sequence 
according to SEQ ID N0:7» a sequence according to SFQ IT) K0:8, a sequence 
acconling to SEQ ID N0;9, a ^quencc accordmg to SF.Q ID NO: 10, a sequence 
according lo SEQ ID NO:l 1, a sequence according to SEQ ID N0;12, a sequence 
according tu SHQ ID NO: 13, a sequence acwrdtng io SEQ ID N0:14, a sequence 
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according to SEQ ID NO: 1 5, a sequence iM;coiclmg to SliQ ID NO: 1 6, a sequence 
dccOTding IV SbQ 11) NO: 17. 9 »xiucnce accivdinp, u> SFQ I i> NO: 18. a sequence 
according to SEQ ID NO: 19, a sequence according to SFQ ID NO:50, a sequence 
according to SEQ ID N0:21, a sequence ijecordiiig to SEQ ID NO:22, a s^^qi^nce 
according to 8HQ ID NO:23, a sctjuence acctinliTiL; to SHQ ID NO:24. a sequence 
according 10 SEQ ID NO:2S, a fsequence accocding to StX) ID NO:26, a sequence 
according to SEQ ID NO:27, a sequence accwding to SEQ ID KO:28, a sequence 
accwiing to SEQ ID NO:29, a scquenee aceivriling to SEQ ID KOrlO, a sequence 
'according to SPQ ID NO:31, a sujuence according to SEQ ID NO:32, a sequence 
according to SEQ ID NO: 53. a sequence according to SEQ ID NO:34, a sequence 
acciirdins^ k> SEQ ID NO:35» a «jciuencc according to SEQ ID NO:3fi, a sequence 
according to SEQ ID NO:37, a sequence according to SFQ m NO:38, a sequence 
accocding to SEQ ID NO:39, a sequei^c according to SEQ ID NO:4r>, u sequence 
according 10 SEQ IT) NO:41, a scquv^ce according Ui SEQ 11.) NO:42, a sequence 
iiecording to SEQ ID NO:43, a sequence according to SEQ ID NO:44, a seciueoice 
according 10 SEQ IT) NO:45, a sequence ac<»rding Li SEQ ID NO:46, a sequence 
jiccording to SEQ ID NO:47, u sequence according to SEQ ID NO:48, a becju^e 
according to SEQ D!) NO:49» a s^cqucnce according to SEQ ID NO: 50, a sec|uencc 
iiecording to SEQ ID K0:51, a sequence according to SEQ ID NO:52. a ssequence 
according to SEQ ID NO:33, a sequence according lo SHQ ID NO:54, a sequence 
accoi'ding to SEQ ID K'0:55, a sequence according to SEQ ID NO:56, a sequence 
according lo SEQ ID NOrS?, a sequence Hccurding to SEQ ID NOiiS, a sequence 
according to SEQ ID N0:S9, a ^sequence accorOing to SEQ ID NOr60» a sequence 
according to SEQ ID N0;6U a sequence according to SEQ II> NO:62» a sequence 
according to SEQ IDNO:63, a sequence according to SEQ ID NO:64, a sequence 
according to SEQ ID NO:65, a set]ueRcc according to SEQ ID SOM, a sequence 
according to SRQ ID M0:67, a ^uence according to SEQ ID NO:68, a sequence 
according to SEQ ID NO:69, a sequence acconKng to SEQ ID NO:70. a $equcnce 
according to SEQ Tr>N0:7L a sequence according to SEQ ID NO:72» a sequence 
according lo SEQ ID NO:73» a sequence according to SEQ ID NO:74, a sequence 
according to SBQ ID N0:7S, a Mcqiieace according to SEQ ID NU:76, a sequence 



W<) W1437ii PCT'US981 9S1H 

63 

cccording to SIZQ ID \n:77, i\ sequence atwding to SF.Q ID NO;78, a sequence 
sccordiiig to SEQ ID NO:79, a ^^uence accijrdiijg to SHQ ID NO:80. a sequence 
accordina to SF.Q ID \Q:Hl, a sequence according to SEQ ID NO:82, a sequence 
according to SK-Q ID \0:S3. a sequence according to SI-Q ID NO:84, a sequence? 
according to SEQ ID NO:85, ti sequence according to SFQ ID NO:86, a sequence 
according to SEQ ID NO:87, a sequence according' fo SEX) ID NO:88, u sequence 
iiixrording to SEQ ID \0;89, a sequence according tr j SFQ ID NO:90, a sequence 
according to SEQ ID N0:9l. a sscquence according to SEQ ID N0:92» a sequence 
'according to SFXJ ID NO.'93. a sequence according lo SEQ ID NO:94. a sequence 
according to SEQ ID \0:9S, a sequence according lo SEQ ID N0:%, a sequence 
according to SEQ ID N()!97, a sequence acc^)rdii\g to SEQ ID NO;98, a sequence 
according to SEQ ID NO,-99. a sequence according io SEQ ID NOilOD, a sequence 
according lo SE-Q ID NO:101, a sequence according to SEQ ID NO: 102 and u 
:>cqu«nce according lo SBQ ID NO: 1 03. 

loo. The oligonucleotide sequence of claim 99, wherein the oligonucleotide pj iincr 
ftirthcr comprises a cleavablc ssite. 

I OU The oligonuckotidi; jdmer of claim 1 00, wherein ihe oiigonucleoiide primer 
further comprises biotin or digoxig^nin. 

1 02. The oligonucleotidi:; sequence of claim 99^ \i1iercln the oligonucleotide 
sequence is sclecled irom the group consisting of a sequence accuTUing to SRQ ID 
N0:2, n sequence accwding to SHQ JD ^*0:4- a sequence according to SEQ ID NOlS, 
a sequsniee iiccording to SF.Q ID N0:7, a sequence accordiiig lo SEQ ID N0:9, a 
5 sequence accoiding to SEQ ID >JO:l I, a sequence according to SEQ ID XO:14, a 
sequence according lo S£Q ID N0;I6» a sequence according to SFQ iD N0:17. a 
sequence according Ui SEQ ID NO:1 9, a sequcocc according to SFQ ID K0:2 1 , a 
sequence according Ui SHQ ID >;Q:23, a sequence according to SEQ Jl> K0:2S, a 
sequence according to SEQ ID NO:27, a swquencc acconiir^ lo SEQ ID >iO:30, a 
1 0 sequence aoctmiing to SBQ ID \0:3 1 » a sequence according lu SHQ ID KO:g3, a 
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sequence ekccordiisg u> SHi) ID NOrH iicquence accordiTi}<; Ld SbQ ID NO:83, u 
sequence Hccordiisg to SCQ ID NOr86, a sequence acoording to SEQ ID NO:S?, a 
seqiiemre accurdir^g U) St Q [D NO:88, a sequence fiecorcling to SEQ TD N0:)i9. a 
h^xiuence according lo SbQ ID NO:90. ii $cqiie»ce acocMdcrig k> SEQ ID N0:9l, a 

5 sL-qucrtcc iiccording to SF.Q ID M():92, a sequence according to SEQ ID N():93, u 
sequence according lo SEQ TD NO."94,a sequcnw acwrding to SHQ TD XO:95, a 
:»cquence according to StQ ID NO:96* a sequence according lo StQ ID NC*>:97, a 
sequence according to SFQ ID NOi98, a scquoice accordit^ to SEQ JD NO:99, a 
'sequence according to SEQ TD NO: 100» a swqucna; according to SRQ ID NO: 1 0 1 , a 

1 0 sequence according in SEQ ID NO: 1 02, and a sequence according to SF.Q ID 
NO:t03. 

1 0.1 . An oligomicleoli Jc primer comprising, a nucleic acid scqtienoe coinplancntary 
lo a sequence ITHnlcrag a DNA tandem nucleotide irp;:at locus and a deavable site, 
1 5 wlierinn mension of Wkj primer generaicjj a limited sirt rtir tgc of nudeic acid products 
for mass spectral analysis. 

104. The iiligonucleotide primer of claim 1 Q^ . wheran the oieavaWc silc coinprisesi 
a rcc^ignilion site for a rc<;triction endonuc1case» an exonuc1ca.sc blocking site, or a 
chemically deavable site. 

105. lisc oligonucleotide primer of claim 103» further comprising a sequence 
complementary to up to one tandem repeat of tlie DNA tandem nucleodde repeal 
locus. 

20 

1 06. The oligomideotide primer of claim 1 03» fiirtfaer compriKhqr a sequence 
complementary to up to two tandem repeaii; of thu DNA tandem nuclcodde repeal 
kicus 
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107. The iiligonudeotide primer of claim 1 03, finther comprising a iigquence 
compleoientary Ui up to three tandem repeats of the DX A tafidtm nucJeotidc repeat 

5 1 08. The ol igonuclco tide primer ofdaim 1 03 ^'Itcrcin Ihc locus is selected from the 
group consistinB of CSFIPO, D5S818, L)7S«20, U8S 1 1 79, DI3S31?, D 16S539, 
D16S539. D18S5U D2tS!l, DYS19,ri3Al, HiS/'Fl»S, FGA, TIPRTR, 11101, 
•ITOX, DYS3«R, DyS391, DYSSSTi, DYS393, D2S139l,Dl«S535, D2S1338, 
' D19S433, D6S477.DIS518. D14S305, VUn, 004. D12S39U m0S220 

10 andD7S521. 

1 09. The primer of claim 103, wherjin i he sequence flanking ihu UNA landcra 
nucleotide repeal k>cus conpriscs a flanking jjcqiicnce selected from Utu group 
ccirisWoTiy of a sequence aceorditig to SF.Q ID NO: IM, a <«cqaurtce according U} StQ 
ID NO: 105, a sequence according? to SE-Q ID NO: 106. n sequence according to SEQ 
ID XO: 1 07, a sequence according lo SKQ 10 NO: 1 08, a scqueTJce according to SEQ 
ID NO: 1 09, a sequence according to SEQ ID NO: 1 1 0, u sequence according to SEQ 
IT) ^ 0:1 11, a sequence according lo SFU) U) NO: 1 12, a scqut-nce uccording lo SEQ 
ID NO: 1 1 3, a sctiucnce according to SEQ ID NO; 1 14. a sequence according to SEQ 
11) NO; 1 1 5. a sequence according to S£g ID NO: 1 1 6, a «?quencc according lo SEQ 
ID N0:n7, a sequence according to SEQ m N0:1 18, a sequence according to SPQ 
ID NO: 1 19» a scquoice according to SEQ ID NO: 1 20, a sequence according to SEQ 
ID N0:]2U a sequence according Uy SEQ ID NO: 122, a sequence according lo SEQ 
ID NO;]23r a sequence accurdmg to SFX} ID NU: 124, a fxiquencc iiccording lo SEQ 
ID NO:l25, a steqiiesKe accoKling to SEQ ID NO:126» a sequence according to SEQ 
ID NO:i27, a sequence according to SEQ ID NO:128, a sequence according to SUQ 
IT) NO;129, a sequence aecoiding to SEQ ID NO:I30, u ^uence according to SEQ 
ID Na 1 3 1, a sequence acctnding to SFXJ ID NO: 132, a sequence according to SEQ 
ID NO:133, a sequence according to SEQ ID NO: 134, and a ^Kjqucnoe accorrKi^ lo 
SEQIDN0:135. 
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1 1 0. The oligonucleotide pKmcr of claim 109. rurlher comprising a tjcquence 
compiementaiy to up la one tandem repeal of the DNA tarxJbni nucleotide repeat 
locus. 

1 1 1, The oligonucleotide primer cifdaim 109, liiriher comprising a ficqijcnee 
complementary to up to two Uradeni repcaJs of the DNA tartdcm nucleotide ix.-peal 
locus. 

1 1 2- Tha oligonucleotide primer of claim 109, 'wdiercin die primer further comprises 
a sequence coniplufnenuuy to up lo three tandem repeats of llic ITS A tandem 
riiielciHidi; repeiit locus. 
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SEQUEnr:?! r.s sting 

<f\<k> imtler, John M. 
Li, .iJia 

KanCorr.fl, Joseph A. 
B^iQKer, Chirl&Lopher H. 

^-Z'J .' VOA TYPING t?y MA52S SPECTROMETRY WT"-!! FULYMORPIHIC DNA 
REF31?.T MTiRKBRS 

^0 1' Otlkiluwn 
.iL41> 1998-00-te 

.:.150> 60/0 by. 4:1b 
<1S0> 

<3 70> Fater-tin Ver. ;s.o 

<2l0> 1 
<r:ill> 23 

<213> Hoiro caplcnis 
<400> 1 

acagtaaetg cct-cata^a tag 23 

<2i0> 2 
«2ll> 22 
<312> nNA 

<2i3:« Bono sapiena 
<220> 

<2ai> nisc raatuxR 
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<223> BiukiuylHt-.Rd 
<230> 

<>2\-* Tiisc^fcatura 
<12'2> (211 

< 2 2 3 > 2 * - denxytiiymidinc - 5 ' - ( S ) -phofi phu rot .1 ioa t e 

<400p. 2 

<210> 1 

«:211> X5I 

-i.2l2> i»:a 

<:2l ')v IXOmo SLVJiec^ 

<;40:)> 2 

<;213> 4 

<21I:» 2C 

<212:> DtCA 

<21l> Uctfto capiciis 

«:22Dp- 

<222> <:.) 

<22.H> n^otinylac^d 
<220.> 

<22l> mipc^featuro 
<232> 119) 

<2 2 3 > 2 • - deoxythjiRldiiie- 5 • • iS ) -phocphoroth : oats 



<40D> 4 

atgaaaLuaa cun^aggcttg 



2C 
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<21C> 5 

.^2-^2;- (1) 

<223> Bior.inylflcect 
<22C> 

<:221> Tni^c_£c;^<;ttuxfi 

<.223> 2 • a«nMyt.hy7iidinQ- S ' - <?i> -phoHphorothicat 
c40C> R 

'j-crtr.gigr.3 r^cttvWnrs aca::t 

<210> S 
ir7:Tl> 23 

<213> Hunuj HMpiP^Q 
<^<4G0> a 

i:L.utgkar.cr: ctatitat^ic ccc;:atcUa 

<210> 7 
<2ll^ 24 
<212> 

O20> 

«:22i> misc_fdaLuxc! 
<222> (1) 

c223> 3io^inylazQj 



<220> 
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<222> {all 

<2 2.^ > ^ • - ^oxyrhymidine- S • -phvspi-cru -h J oat€ 

<l400> 7 

rfTicatagtt tagaacgaac taac 24 

<212> DNA 

<2XB> Homo sapien£i 

skAaaactdtc aatctgtcha tc«a^c *6 

•r21C > 9 

<211:.- 27 

<212> DMA 

<213> Hotnn sapiens 

<22C> 

<22i?- misc_fcature 
<222> {i; 

Blotinylated 

<22C> 

<221> iiiisc_f€»7urd 

<^23> 2' deoxy^hytridine-b'- {Si -phoaphurothloate 
<40C> 0 

ttcgtat:;tc at9*ctacai& tcgt^LLu 27 

<2IC> JLO 

<2ll» 23 

<212> A»Cl 

«:213> Homo ceplexuf 
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acctacccbq tAgattattt tcsctgtg 



28 



<7.11:. 23 

<213> Ilcno sapiojie 
«:;22l> ltdsc feature 

<222> (1) 

<223> Sirstir.ylatad 

<220> 

<22i> micc_ieatu2:e 
<22:>.> (22} 

<22'l> 2 ' dooxvfchyinidine-i; » - tS - -p:x>£iuht:rot:hi oate 
-i400-> 11 

cccatctoar gcctatck<jt &tt 23 

<210> ^7, 
<21l> 2?. 
<212.* UNA 



^^10> 13 

<211> 23 

<212> DKA 

•;21'i:» Uorc- sapiens 

<400> 13 

agaoagaca^j acaggtggat a^a 23 



<400> 12 



gccmaaaag 



acagacagaa ag 



22 
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<2X0> ^< 

<221> :!liuc foatiirft 
<222> U) 

<22S> BiotinylaLud 
<220> 

<221:< niuu £uahiirA 
-r,>22> U3I 

•:223> 2*-c«cn:ythyiltL.(lLUU • - (6) -phosphcrotiioahH 



<4D0> 

Lttctgtt:;t gtcLLLcfUil: gar^i 24 

«:2±0> 1I> 
<221> 21 

<:ilJ> Haiio naplen^; 
^-400> IB 

rga^gaoaa aL-^ii^MRrr r. 21 

<211> 2fi 
<21i> U.>JA 



<22C'> 

<2:^1> nigc. feature 
<22^> ri) 

<223> rtiotinylatsd 
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<220> 

<yt2l> mi5c_featuro 

<223> 3 ' -deo>:yhhyiT.idine-3 ' • CS) -ph05plaurc_hH cvine 
<10C> 16 

grcttQca&t aacacrttgct actALL 26 

<212> xaiA 

«:213> Hoaio sapiens 

<22r> 

<22J.> i»i.5C_f8ature 
<223^ niotiiiylated 
<220;> 

:aiso_f aarure 

<222> 2» dAQxyrh^TiiGline-G* • (fij-plho&i^iiurokr.ioace 
<400> 

<2io> :lb 

c211> 29 

<212> DHA 

<21\> liorao sapiens 

<400> 

gbaga^agac tg^ii'^agata gacgs^tapra 29 

<2I0> 1$ 
<211> 24 
<>.i2v mc^i 
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<220> 

<iy,X> misc_feature 
<.222y {1} 

c222> BiozinyXaCed 
<222> (2.1) 

< 22 B > 2 • -deoxythyuiidixxe- 5 • - (S J -phOKpnorot htOAte 
«£4r)0> 13 

gcgrtttacra tagatag«tta ggLa 24 

c210-> 20 
-:211> 20 
<212> DKA 

<4D0> 20 

^gt::afiggag actgtcacta 2C 
<5%-.0^ 21 

<2L1> 19 
<212> DKA 

<21^> [ioTO sapiftns 
<:i20> 

«22l> ml«c_teatiirc: 
<222> (1) 

<22y> Bioziriylated 
<220> 

«22l> mlzm CnHtiiire 
<222> 

<22^> 2 ( -deoxyLhyniidinA-? *- (S) -phosphorathipaze 
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<400> 21 

<2l&> 22 
c211> id 
<212> DNA 
<^': 3^ nemo sapi 



<400> 22 

Lcntztragt gcatgttc 3(( 

<212;> Dt3A 

<213 «* HC7IO sapiens 

•:220> 

«22l'^ Ri=.iic_f eaCure 
«222> (*:.) 



--.22 0> 

<^2l» miac_featnre 
<222> (22) 

<:22 3 > 2 * - neoxythymldlxio - 5 • - {6 • -paOBp>;orothi.catR 



<400;> 23 

t-.tnggarra» ag^azagcag tto 23 

<210> 7»A 

<2ll:. 22 

<212> DCTA 

<213> UOOK) sapifijie 

«400> 24 

gcqaa^gaat gagaoLucut ct 2^ 



W09!>/14375 



U) 

<^.^C'* 25 
27 

t212> DN^ 

<21.3> iJORio sapiens 

<22C> 

•^22i> mi/>c_teabure 

<222> ill 
c22C*> 

'{221> misc^tearurQ 

<222> 2--c;eo!xyi:byiuicinj5-5*- (s> {ihoRphorcthioote 

Haa&r.taggc oikatthacaa go'^iicjLt: 27 

<7.^0i' 25 

<2ll:. 25 

<2i;6? DMA 

<2l3:s Hcxo sapiens 

tctgtaatra occ^caaaaa aga^m 25 

-r2a0> 27 

<211> 29 

<2i:>> ONA 

<2li> Homo ftApleno 

<220> 

<:221> nitAV ffiahure 
<222> (i) 

<223> &ioLi:)ylubnH 
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n 

<i222> 

<225 > 2 ' -<iecxyriiyT7i.diT.« - 5 ' - ( s j phosphoro thioate 
vMOOv 27 

gcciccatcz ttgLCicLa-- i:t-.r:t.atct<j 29 

<.2ll> 22 

<:212> ZKA 

<213> a^HQO sapici'iii 

<4£>0> 2l;it 

<211> 20 

<:il2> C»]A 

-^21'i> a-snio isapieno 

<4D0> 2U 

dctgttcstc ocL-uttncc 20 

<2ll> 21 

<212> DN7i. 

<213> Koreo SC^xuiUf 

<220^ 

021> ni ftn^f !*aiiii*e 



<220> 
<A22> IZ0\ 
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12 

<22i> 2 • -deoxythyiniclin&- 5 ' - :s> -pbospharo::hi o^ze 
<4C0> 30 

gg^aacaci&H aotccakggt g P.1 
<2iCl.ii 33. 

<s;223> Baotinyi&teci 



*:22C> 

<22i> mi6C_f eaL'^iLiic 



<^00> 31 

stzagggaac cctcactgaa eg 2Z 

<210> 32 
<211> 2?. 
<2.12> Ti^ 

Homo aapL&na 

<40G> 32 

gtccttgtca gcgtLLaLLt gc 3^;; 

•;210> 33 

<211> 27. 

<^I2^ OKA 

<213> Boico RApiens 



PCT/LSVlt'l9S7!{ 



9t.gtcag&ec 



22 



<2ii> 

<212> DNA 

>:tfL3> Kcwnc- sapiens 

<A<\t> 34 

c210-> 35 
<211> 25 

«:21.^> iio:nc sapiens 



^210:* 3€ 

<212> DMA 

<2i3:> IlOTic sapiens 

-vzcaz&stt tagaasgaac Lauc? ^4 

<21D> 27 
<ail> 27 

<2l'i> Homo e^ieua 



tccttatgta uLut^ 



<40aN J 7 



ttkgtaLLLc 



ar.gcgtacnt tcc^avc 



27 



<210> 38 



<:2ll> 22 



•:212> DKA 



wo 95/14375 
<211> Hotx^ 8Hi>i«n9 



14 



cc^atctaac gcctatctgt a-t 23 
<21C> as 

<40C> 39 

tctcfcgtttt gtOCTLLUUiiL gahfi 24 

<2l{:> 40 
<311> 26 
<:!12> DWA 

>^21'i;>< Hoca sapiens 
<'40C> 40 

gtcbbacaat aacag'.LyuL acnart -2t> 

<21C> 41 

<2i:> 20 
<3ia> DHA 

XDrjo sapieno 

<4D0> 41 

accaagtcraa LL'jccthcta 20 

c210> 42 
<211> ?.A 
<2i:;:. UNA 

<2l3> Ho'jici aapiens 



<4D0> 42 

gTgtttta<ra tagazagata Hgta 



24 
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15 

<21C> 4S 
<7^^^ 13 

•;213> Hornp napiena 
<400> 43 

cagagcaaqa cthcaCccg 15 

<21D> 1*1 

-;212.^ DMA 

<213> Hotoo aapiena 

<400> -1- 

rLuii^a-^Aca agccitsiticag ttc 23 

<210> 4f> 
<2-l:. 
<24;:.> DMA 

<^':'»> uoitio sapiens 

aaact tallage atattcacaa gc^gtt 27 

<21fi> Hr> 

<21i> 29 

<212> Dm. 

<213> Eocio eaplens 

<4D0> 4^ 

gcczccaccx ttgtctozat cLct&tctg 29 

<210> 47 

-i2ll> 21 
«212> DlX^i 

<2i:^> Homo £(apittTi9 



16 

<:403> 47 

gg^&cacag ectcCc^tg^L g 21 
<2ll> 22 

<313.> PIonr.o sapien:» 
<40l>> 43 

<^,10> -15 
21 

<213> Hu:ria Hn|:-'.ATiR 
<4C0> 45 

<jLau<jfcr.agr: ncftiragcga t 21 

<210> 50 
<211> 10 

<213> Hoxic acpxRTsn 
<4C0:^ 50 

<jaj|L<|agAgh ccgcctca 18 

<210> 51 

^2X1> 24 

<212> DMA 

<2i:%> '.(oRic fiapienu 

<4GQ> S3 

ttc9atcat^l aaccca^^tc tgtc 24 



<210> 52 
<2»> 22 



\\09mim 

c212> DNA 

<212> Kqpo capi us 

*210> 53 

o2li> IS 

<2I2> -DKTi 

<2X^> TTofr.r^ sapiens 

'.40O> 53 

<210> 54 

*:211> 22 

<212> DNA 

<213> TTomo ftspasno 

<4Q0> 5^ 

aaarr-tacca atcccartcc r,- 

<,210;- 55 

*211> 23 

<212> DN7t 

<213> Homo 9«pieilS 

<400;> 55 

zggtci:tet£ cztgtgtCEui Lac 

<210*> SC- 

•:211?' 23 

<212> DNA 

<213^ Homo sapiens 

<4C0> 56 



rCT/US9&'19578 

17 



22 



1*J 



22 



23 
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<.21<;> 37 

<21i> 23 

*;213> DNA. 

<2l.lv- Uomo sapiens 

<400> 5? 

t-t^^atetct tggrtatagw Daa 23 

<;211> 23 

<212> D^A 

«.:212:» Homo sapiens 

<4Q0> SO 

^gcuggtas agagaldicac; aga 'X'S 

c2L2> DHA 

c2i3> Hcarso Bspierjs 

<400> 

ai^ccacascc ataacttt 18 

<210"^ 60 
<:211> 32 
<212> DMA 

<2L3> Homo sapjLdne 
«400> 60 

gaatgcagag aaagc&yuukc ra 
<2LG:r 61 

<2ii^ -e 

<212» DHA 

<213> Burao Haplfvrs 
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19 



<tOC> 61 

<21<1> fi2 

<2ii> Id 

s212> DMA 

<219:' Homo sapiens 

<2iG> 6 a 
<211> 2J 

<2i2> o>m 

<:212> hcrno sapiens 

<40u> IJ:^ 

<;212> DKA 

<213> Kocr.9 sapiens 

<40r>^> 4$4 

aaccttottt ctttctacct ctcc 24 

<210> BE 

<211> 2C 

•f2l2> DMA. 

<;213> HoTO sapiens 

•;4CD> 65 



<210> 66 
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<211> 24 
<212> CKA 

<403> 66 

tcaacaacaa cacacaCaun atc-a 24 

<2L2> EN7\ 

<213> nomo capiexiE 

catAZAiLb^ taga^^^ara 9a«i<j«i 25 
.:2io> sa 

c211> 23 
<.212> KJ^ 

<21^> Hcno sapicmis 
<40Q> i^M 

5?agr.t.ctcca gagaaacag3 ate 22 

<210> 69 
<211:> 29 
<212> DNA 

<21.')n Lone sapienA 
<400> 6? 

cagaszagat agaLa^uLu:: ghanatAOC 2^ 

<P3.0> 70 

<2l2i> UNA 

<:2I3> BoiTsz sapiens 



<'A0O> 70 



w o 99/14375 



tcaa&nr^fltq aca«<igaaac Latui 

<210> 71 

«:213> HocEo sapiens 

<HOD^ 71 

ccatccatct ar.c>')tccai:i Lutb 
<2io> v:;! 

•c^lJ;< Homo sapienci 
c400> 72 

accLacatza gtct^'L^LLc t:rr. 

<210> 7'J 
<211> 2:4 

uotno fiapienE? 

<^aO* 73 

aag&aaga&t gaccctUiaHu athh 

<2i0'> 74 

<211> 19 

«212> DSIA 

<2L3> Hocno capicuu 

-:40U> 74 



21 

24 



24 



24 



<210> 7S 
<21i> 2D 
<212> DNA 



wo 99/14375 

<212> HO'Xto &H.plans 



22 



<4Q0> 7S 

cggagtcgca agccgaacta 

<31i> 23 
<:?1?.> DMA 

<^1J> HO:nc sapiezis 
<40D> 76 

ctcragtgaca g£gLtja.(4auc c::g 

<S\U:. 7/ 
<211> 19 

<xl3> HoTic ospxenc 

<400> 77 

abca«tgc-9t gcatag^Lu 10 

<210> VU 

<211> 23 

<:/1X> DMA 
.<40D> 7fl 

gcctccatac ouuttgngct aat 23 
<213> 79 

<2ii> 

<2l3^ DMA 

<213> Hu:nc: flapiens 

<400;> 79 

gcctractqa cztactaosiL ^mcga 



wo 99/14375 
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23 

21 

c2\:>> DMA 

Homo &apxfin9 

s:40C> d'j 

gasrcaagacL ^uuLcLx^aa a 2t 
i:21C> 31 
^'SX;J> UNA 

<.2l3> Hocnu uapicriM 



•!;40C> 31 

L^s-iiaaaata -t-.nt.gggasg atu 2jt 
<21C> 32 

«:213> Harno uapicna 



<4l>av 32 

cct^LLgsica r.hr.tcci aaac ca 22 



<2i0> 33 
<2i1> IG 



<22Q> 

<^2lv misc_£eatiire 
-;222> Cl'l 

<22:\> niotinylatod 

<120> 

<22i> misc_fe«LLur«i 
<222> (!€} 



24 



<22^> -rteoxyCUymldiQa-S'- (S) -pli9«phcrozl"ioa-c 
c4C0> 32 

gagcaa-ftaqt cccftctca 
i:^1(1> 04 
<.2Z.2> DMA 

«:2j.3> HoTnn sapiens 

mific^ feature 
<222> ill 

<223**- Bistiinylated 

<220> 

<22i> wisc_f€ature 
<222> 153) 

<2!?A> 3i» -dsoxvtbymieiTO-tp'- CS) -plioophoxotliicsr.ft 

trcaatc&ta csc^cai^&tc tgtc 

<:210> 8F. 

<212> DMA 

€2^%> Hcmo sapiens 

O20> 

c22ii' iDisc_foabur9 
<^223> Blot i;iyla ted 

•^22 1> miec^featuru 
<222> UO) 

k2:2:^> 2*-d80xythynidlne-5* - tS) -phos^bordtliioatc 
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25 



<40C> 3$ 

th-htctrgt Sizccjctm^t 

<211:> 2^ 
<2X2> DHA 

<22C> 

<:^2-j> Biov ^ly iat e.d 
-•.22 0> 

c221> cr-isc^f^ture 
<:222> {21:. 

<223> ? • -<1e.cKythYir.idine-s • - - phosphor DLliloate 
<400> 06 

kgghr.ttcta ctbfftqtcaa tac 
<^11> 23 

<213> HoifO oapicu9 
k22X> !ninc feature 

<222:» 

<22,l> Biotinylated 
<22G> 

<22i> i)ioc_£e&tuce 
<222:> vSG) 

<222> 2*-de9Xythyiri.dine-5'-(E} |ilxn9phorot^ioate 



26 



<400> 67 

cbgga^tcct LggLLuLagr. aa^ 2^ 

<21Q> B8 . 
<211> 72 

<2l3> HOti.u uupiariR 
<22Q> 

<22^ > mi gc^feftCur^a 
c223> Blc Lilly lAhRd 

<22l> ml Rfi f A!iturs 
<222> (2a.) 

<223> 2 ' -deOAy Lhyuiid: nft- 5 • - iS) -istiosphoxoLii-oeit^ 
•:2ia^ 85 

<2ii> xa 

c.212> DMA 

<213> Koto adpiirzuj 

<22L> celiac feature 
<222> (i; 

<223> Biotl:iylttr.(id 

<220> 

<22'»N misc^featurfi 

<223 > ;i ♦ - deojcychvaiiidui©- ^> • - • s ) -|;t«>ophoro thiDar.^ 
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PCl7US9&'1957ft 



agaaatgcict tsgcottg 18 

<210-> 50 
<211> 24 

Kcr.io SdpiQX.kj 

<220> 

< 2 2 .1. > Tni e. c_fe a cure 
<7i7:i'j' (1) 

«223> BioLii.yIa.ea 
<220> 

<221.» jkAbz feabiie 

<22;!> <2V.) 

<22.).^ 2 ' -deoxythymiuiiiH-f. * - (S • -phoaT>horotbioate 

a^tCtrctCt atttatacct CtCC 34 

•:210-.' 91 

<212> 

<aj.3N nomo sapiens 
<220v 

<2;21> miec feature 
<222> 

<223> DiotinylatcMi 

<221> micc^featurc 
<77.2> USi 

<22'3 > 2 ' -dsoxyttxycDidine- 5 ' ( f.*i - ptiosphorothi-cate 



<400> »1 



\V0 9V/I437S 
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<2lS.> HOinu 3<i£)i(um 
<220:. 

<^2i^> inisc_featur6 

M^2::,> (1? 
<22Co 

<22i:> Tiicc^feaLure 

*223^ 2' -dLioxyt-.hyinidlne-S' - <S) -phospliurcz-il^Ce 
o40t> 92 

gagL'-'j-cra gAg<!aacag<i at:c 

<21C> 93 
<21i> 2*) 
<212n UMA 

<213> HoiUO &*api!inn 

<221> miac: feature 
<222> (1; 

<223> Blotiiiylabed 

<221> mi ec^f eature 
<222.^ 1:2c) 

<223> 2* dwxytliyinidine--5«-<tf)-plio»pnorDthioatft 
<400» 93 

cagaotaqa;: ag&tag&Lac: <jt«cataca 



wo 99/14375 



29 

<210> ')'\ 

<2J.l:-- 24 

<212> UNA 

<?.i?> Homo aapie.n.«; 

<22C> 

< 2 2 . ^ mLsic_ £ eatuire 

<:222> (i; 

<r223> Bior.vnylated 
<22<:> 

<22' > trisc^ feature 

<222> 123} 

<40C> 94 

ccatiicatcc atcatcratt tazt 

<21C> <»b 

<2i-> 24 

<212.> I»TA 

<:>i:^> KoitKT sapienc 

■;220> 

<221> miflc^f eaiure 
<222> 11) 

<22A> Biotinylated 
<220> 

<22l> iaisc_f€abure 
<222.> 123> 

<-223> 2 • deoxyChymldine-5 ' - (3) • phogphoroLliioate 
<4O0v 95 

aagaaaga^t gacco.Ls^ca akht 



<2.0:. <IC 
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k21L> 2C 

<21^> Hoiro Riipiens 
<,220> 

<22l> misic feature 
<522> (1) 

<?.2\> Hiotinylated 
<220> 

<221> miB=_feacure 
€:222.v Its; 

K^'Z'K* "A • -dooxytbvooidzjie-i: • - {si -phoBphoxothlua-c 
i40C> 96 

<21C> 57 

<:211> 10 

€:212> DMA 

<213> Hnmr* napiCIlS 

<22C> 

<22l> tni£;c_feiihiir« 

<223> Blotiinylated 
<220> 

<221> 3tiflC_f^tiire 

<222> iie) 

<22^ > 2*' n4?o7:ythymidine- 5 • - ( G ) -phdsphcTC thloatc 

'%40C> 97 



«210> 9B 
<211> 25 
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<212> DNA 

<213> HoTto capi 

<221> oi-uc: fftahn^p 
%:222:> {l) 

<223> BlotinylaLcd 

'';22D> 

<22 1> cm nr:_~e9t.u.re 
<222.> (20) 

<22 3 > 2 * -deoxy Lhytnid Ina- s • - ( s 5 - Skio&pl:oroUii.u!dt S! 
<40:>;< SB 

gc;::L.dicL<jM crt-.rjint-.acar aAcr^a 25 

<210> <39 

<211> 2.'\ 

<212> Df/A 

<213> Ucno £apli:i:44 

<22;>:. 

<22l> ctLitic foHhure 
'tf222> <1) 

^223 > B^9tinyia3ed 
<223> 

<22l> nutiu featinre 
022> (22) 

<223> 2 -cteoxyLhyiriidlnR-S « - <ej -pjtoJiphcfOtSiioaLe 

tgsjuaaaahA ttctgfYCjadcr at 9 23 



<210> 100 
<211> 23 
<212> JXOi 



mi 99/14373 
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c2Su> 

-yy^lz* ::iiso_feazure 
<.221:' [1) 

<22Z> Biotinylated 

<22^> 11 • -decxyrhyirJ.dijLK-5» - (S) -plu-.i^rTororbioat« 
'tf^:>0:. 100 

a^gtaaats: cctr.catnga cag 2,) 

<211> 22 
<212> 

<223^ Uomo sapi^nfi 
<4nn% 101 

qsctgt^CCt tiCGztatktc CC 22 

<:^1D> 102 
-:«:il> 23 
<2X2> DMA 

OX3> liocno sapiens 
<^0C'> 102 

asgtcBsagg' gaacacasiuc be:: ^3 
<210;» 103 

<i2ia> 2.^ 

<2i2N DWA 

<213> Homu Bup-iftTlS 

<22C> 



33 

<222> [1) 

<22:^> "Ko^inylaced 

<i220> 

*:22i> niac_feature 

<f223v 2*-<lecxvthy™idin«-b*-tS> a^ioBphorothioat.R 
<400> -03 

acrqtcacagg gaac&oasa;: :.cc 

<J1U> 104 
<r21L;>> 315 
<212> 3KA 

•.:213> Boiso sapiens 

<40»> 

aacct^acrtc tgccaagga;: -agci^sg'tty chaacc^accc tgtqtctcag t^ttcctajc 60 
rgTiaana^ga agaUiLLuuc agra/ictgcc btcatagata i:aa^H;;agat agaciagaba i:?.0 
garjigataga caga'-acfata gacagata^dt tagatagata ^^t-.ngg/iagt acttarr^aza teo 
gggtctgaca eaggaaatgc: ^^gzccaa^tg ngcaccarf^a catag^atcc g^gauvcjctc 240 
as'Ctggoac: s:a:;g-gggr.c gsgtggftaas ctggocj^-ckg gagaargggc tgaa<^nggc 300 
cagtsTOftgta tcrgaa 315 

<2ir>> IQS 
<2ll> iOV 

<213> 30CBO sapiens 
<40a> 105 

TCzaattaaa gtgg-gtcc:: agatautctg tactaataaa agtaLa-Ltt aatagcaagt 60 
at^ranHflg ggcgatttti- ctctttc-gta '-cctcatgta atatht.-gaa gatagataga 120 
ugatagata ga^agataga :;agat:ac:at:a gacag>gbaga :;agaggiaLa aaLaucgaca 180 
cagaUutagn canaaatgrt gtaaactgtg gcUatga^ttg gaatcarf.hg gcr^aaaagc 240 
g^maagcnt ccctctgnaa ^aggcaatta rt.ttttcnct uggnactnc ctoanoagLc 300 
ts^txtgc JOT 



34 
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<2ll> 334 
<212> DMA, 



aaiLthhgr.a "tTtttCL&n agacggggiL 
ra-fc-t^agg r.taatatata taaag*^gLat 
ctaacgacc.^ utucratag^.t agat£i:-iatac 
r.gatagtt*.L rtrttacctc ac^aa&agt 
gtgcaELttct gtcaatga^ij ulianat-^gc 
cj-czjjagr.t*. r.trgatacct cagartttOa 



LL;a;'.catgct g^gtcacsqc-c ar:r^.t^'gar-t 50 

gatagaacac ttgzcetagt ttayaa^g^.? 12 0 

acagatHSiuL Hgazagata? ati)c7ac!)gai 180 

otatn^^RF. catztaftb^a cnaatattLsj 2iO 

aabcgttia^ aiLuLtaaga atatatatkn 1<il> 



<210> ir/ 

<21.T> 040 

<2i:;cN UNA 

<213> Homo uap^mn 



«0t;> 157 

cggcwbiLTLUa rjirgtacrct ttf^^t&cat 

ctatctatcr. atctatttat ctatctatcL 

aggtaaataa atvaagycrir. 3hT.cacgcaa 

aa-tah«gct a^^Urjaaact: atactcatgr. 

'.ja&tacatac ga^tfcttgnc agcLyLgczn 

ttcagntLcL uctanatnctr qtcaacatrr« 



SL>rbacaki;c gtarci^ahch arctatct&t sc\ 
ubt-.rcccaca fftir^aaataa tcc^tcagqar. 120 
tgggatasga Lucagcgazg aoactgaarr. lui* 
acacaatLU: ctaaaagaaa cUjogaacaa 24 0 
tirttaccittic ccaaci^caa L^uaoagggi 3Q0 
tgLtattttg 340 



<21C> 1A8 
<211> P,9t^ 

013> Humn naplens 



<-ioc> las 

tgenat^cT. t:gctggaeat ggzatcao^ku 
trtagtgggc aLccgt^ct ctctgsrac^c 
antacattat cfcatctazct aLoLaLct&t 
a:^atotatc tatcttLuLsi tcrgbnht'^t 



nAgt.ctggga tgtggaggac agLLcatr.tc &0 

tgaoccubct aaagocta^^s tgt-jittcac& 120 

otatrstntct atczatctat ctacctavua IflO 

t«KR?ct=9CCt ai^CvCaac csaegttqaa -zw 
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59 ggagatu igctccaacaa ttcaagctc. ctgsatatgz LtL^aask 266 

<2i2:> DtJA 
<403> IC'9 

af.ggrhgrrr. rcacggctfjc acugggagga tgacrtgtnit cccujLetcri sir.crr.gccgLi 60 
?gcgcc;;gac acccccgcac ccaggagoLjf ggcggirctaa oaqcttgtaa aeagtgiacii \ZC 
agtgccagaL yaicgLhgfcg cfi::aaatcta aatgca^i^aii agcactgaaa gcLagaauer.n xwc 
gaaaaccacu <Ttt=rcstcr. ttatatsj^ga gcauavaaag gcagatccca a^cbct^cct 24C 
cttcecrsga r.r^atacaga caT3u:;aga<:a ggi:<n?auga :;agaLagaLu y&l:aga:;aga 30C 
Lii54a--agara g.iraga-aCo attnaaagac aaaac^gaga iifaiitHataq nr.acairgcrL* 3iSC 
a.c«r.?Rtgcac acacaa&cgL aaatggzain aaanar.-igga rncacrtcttg tar.ggc^ijiiL iP.O 
nttacc 



c:21D> lia 
0.11^ 3bC 
*2i:i> DNA 
<:2lJ> Hotttc aapxana 



<400> lie 

a^gt^ac^:: tgcagtgagc caLu-tc:atg 
eLyajct-c-nr: tcagaaa.qfaa araaagaaag 
&gaaag^ag aaaaagagag ggaaagoiaig 
attgraiaga;: a'.chRoar.BC accagaftaag 
agagoaffcca acatgtocao CLtaggctga 
tcgggtTitgk t&ttrtlaau gt:agc:ht«;tO 



ces-ctg^iact tcaetarcrag tgacaaac^sj €0 
aaagaaagaa aya«agaanc aar.gaaacaa 

Agaaana<)r^ aanaaa:;agt agcaai:L^tt IBZ 

ttaatttzaa tzttaacat.^ L.iuigaarag 24C 

cggtkhg;;tc arttgtflfttn tzgctggtag 30n 
caatacc-ca ttaacaatct 



111 

<2ll> S2fl 
<212> rjHA 
<213> UCnciu isapimc; 



<409> 111 

ctyancaatca tantgcraaag caaagaeaga gcausjscahr tcacatgr?cU a^^cagcag SO 



wo 99.14375 



caagacr^aag- acaggggagc t"c:tat^Hv:gg 
aatatofcgag tcaatccccc ouuiigafl^rtg 
srcigtccgc ctgzc^tct a-ctacazcL 
tatctatc^ tntatcta*:c tatcgL«r.at-. 
crtnr.chggng aficatrgact aatacaacat 
atarcatacc «iccccaLaca LLatataaaa 
arggcLasjLiL ui-LLLbr-^rt: g gg c3cca<ta 
atb^tttatia tcctitaaaaa taCtt'.:L^ag 



36 

tctgfctahgg gactttictc agtCtCCaLa. 120 
ccttctatct aLcLaL'jtat ct:gcccgicr. lOO 
azccatctat c.'it.cr.ri7.ct:a rctatctatc 240 
cracccagtc catccacccc cLatLag-cx 330 
crLLaataca tcaeagctta ahhtcaagLL 350 
arsht-.acagtg tLte^ccctt ctcagLtf-lir. -iCiO 
cactaatLLL tiattvtgcta agtqcrt:qant. 4<j0 
tgttgaLctq ggraaagt 528 



<2-0:' 3.12 
c211> 194 

c.2L3> Hci30 aapian? 



<400> 11:^ 

ctactc-ggT^t tcCgCtaL^a LyLLt-tzaa 
tatatatata gt9LLL-aqa La^atagata 
r.agat-^gata gataga^aga batagt-gaca 
tinactacatg ocat 



tahahsitata rj-atta^ata ^atagLytha SO 
tjqt.agatag« L4?.cTauagat:a gatagai-^q« 120 
ii^,<:zcctzaci Oi:caga-cga ctccttgtcc 180 

134 



tf3-0> J.13 
<211> 32a 
<212> ONA 

<2:.3> Uamo sapiens 



€4t>0> 113 

cac^tgaacc cgggaggtgg aggttguucr 
tgaou^akag aaagacgaaa gaa&naaaga 
tcaaaattrt agggggaaaa btttccaatt 
aaaaccaagu gLLaLLtkct: aatictgcatrf 
tggggcta<y<j dabcccat-c cc^caggaag 
cgabgattca ggaabgcaga 

c2L0> 114 

<2ii> ^la 

<2;.Z> DMA 

«2Z.S> Hotuo jiuolann 



scagccbrtg caacagagca ayacttcato €Q 
aagaaagaaa gaaaqagbaa aagaaaaaaa 120 
Uhlxfaacatg fiaetaaaatg atttrca^tag xdO 
9catta(;'..aa Mgatgt;;tao roatctnrct 240 
bott9t:aqf-.r. aggcgg-gge z^t^czcz^ 300 

320 
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<400> L14 

ggrratrtccs tatgsaLU9^ aar^^gggg-cg 
^atttggcct. ggagcjuijcbg 9aagai:gga3 
ggAag^agcin rTtt!:aggaqa caaggoLa^c 
CttatwL&LL tatttattta gag&t<:3rjigt 
guSit.'^ahrhe. ggcccactoe aacchr-cacc 
cctcccgagt agotiaa^tiag c^ggactac 



igaaatagag gagtcaagcTq tcactctg^cj SO 
-ggccgt^a ULcHl-ghagg ga.?.ggctf)tc5 120 
agztcaccta -r.racttatt tatttat;;ta 16 C 
ctcattcrtir cgccaagoL^ gaghgriagrg 24 C 
LuL-caggctc aagecjaLhrh ntT-gccttcas 300 



«-.211> 192 
<212> IW?-. 

«;3X3> hone sapiens 



<40fiv 11? 

gccccata^ty LLhtgaactc acagatuaaa 

caagc-^asjLL tct.r.tcttzc trf.ttctct 

ntxtczttct tt.cct:;ctLt CLOuLUcc-t 

acagacaaab ca 



ctgtt^dccaig aacaaaaL.a ggrah^t^ta €0 
ttCL'^tctct Ct-tCtttnh nt-.rt.ttCttL 12C 
cczttc-nrc rtzctttt-t gc7.ggcaCcLL isr 

1S7 



<S11> 32C 
<212> TWh 
<2i^> KORbC eapienc; 



*f40C> 116 

aggtatactt ttcicLuuag aatagtcaga 
gLttARctag aacttatctt c^aaaLeL 
qtctsutct ctat^cgtct azcioLukRh 
ctatauitct atctaaagca aat^ica^gcc 
acanfcjg^ga gagaaacjaaL t-^gcaggoa 
aacttvacag oacLaggttc 

<21C> 117 
<21-^> 300 
<212> 

<213> Honm saplena 



t:ix;:agg:;a-d ceactttgat gtrgacacha 60 
gtctctatzL cRntctctgt ctccabcttt ISO 
atctabctac ctatcLuLcL ahcfcahcriat 18 G 
oL:.etcctat ttatfcqnar.c gagaccaca^ 24 D 
bngggargzg tattskctgt ggcataagga 300 

320 
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<4O0> 117 

gccnitxocca gnctctagna gcagcLca-.iu 
actcaaaggji; tatc^cggct cLyasTshgTit 
LcuLLcatr.r: atr.catCcat tcabccacrc 
tf^arctgcac tcggaayc::^ tgtgracfii<j« 
agcb^ttcaiij uucamggAg gc^tcbtcgg 



5t^9<ISr$Jt:t5 ctcggMRat agcgggcaaa 00 
tCCCa^tggc CtgttCOluj ctfcahrt^CC 12C 
attca;;tcac Gatqfta<»r.ch gtgctccotg 16C 
ggactgtgto ggccaggctg gat!pici.;c:c^gg 240 
tgccLeuthg ggcaczcagd aeeht.gggct 300 



<210> 118 
<211> 300 

«213> HOiiu uupiRT.H 



c400;« 118 

agcd.cci:agfl 7i<:rgTcgac?L qqcacagaaa 
goatsT-atiga atgaal^aaL cjaatgaatga 
gjgsizacaagg gccLuvc^gg nagogaacaq 
ttcagaagTic ctgrjfjattcg acctgayyag 
t?r^g::ggtcc ccag^tcctc cccLgu^jcqc 



Mggcactias) sxgafinrrtca cigaatgaBt 60 

angsjargtitt gg^caeataa acjiiLgac^a 15 o 
gagzaayac;: agcgcacaga occjcicnngtg ieo 
ttcaaztLtq gahgaatctc ttaattaacc 240 
ccagoacs-crr: agagtcae^uu L;;ajxjr.r.t.ga 300 



^^^0'> 119 

<'^ll> 143 

<.2X2> DNA 

<213> HoTO eapiaxifi 



<40r>> X19 

gtgagtcagc cgttcagcga tatuzamta tLafcgaaaca tLaLUtLtat tattattatr. 6C 

attatUitbH fchRtrattat tattattact Lsyagaoggae tcteqcfcctg tcgcce^gc 120 

tiynajTcgcag tggt^gcgar ctg 141 

120 

<;21L> 279 
<21P> DMA 

<213> Homo e.aplena 



«:400> 120 

cca»caLLu uatcaracac coaratctgc oLatctgtct atctatcstah nt.!itctatet: 60 
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atetatc^iat =t£tcr.gcct atcLguL-Uac 

uccagggac^ ttttattCCC a^^u^^^-R't 

tjhcac«aatg ggatgaAtrt tactggca"C 

caccccacag tgoacaagac pgacccAcii-a 



ctacetatrc ntct^tggca i:itt»Tcttgca 123 
tnrfctatg-o tgacaacaaL LLiitttggtt 18 n 
Lgj/.-cggbgc agcecatjaca ngct.gctoaa 243 
criaagaacc 71 v 



<1L0> 121 
<2XX> 263 



<4C0> 1^:1 

*cabtaa7cr agcLLLLuuii aannAciraaL 
a/^gaaggaaa ao&aattttt rxctcgta.c 
;;tactat:zar tactahtatt 3t:iaLLaL-h 
:x3CcLuLgL'.. ttgartihcr.r rgagaLat-t 
rttacatrf.Tc a^caactggg ro*. 



ttgatztcaa i)LgtTtg:;ta ctzcaaat^cr. oo 
»ccatrtaT.L haT:t\attatt atrattat:;a 1.25 
actaag-j«^t: gggaztggLa <]^;_Lta3tga 183 
ccagaL'bHCt ttccacCCC<3 <i-::r^i:«ggaa 243 

26.^ 



<210> 12?' 
<211> -L.>J 
<212> OT?* 

<2ii> :{omo sapiens 



<4CD> 122 

gtggtct^e'- acitgtgtca atacagatag 
agatagarag atagatag£.t ayuLutghat 
gcuyiifcgag- t 



aiagucaqah HgataganaQ atac^tagat: 60 
gtcrtttcta tgacaca:^c: ctcattttzL 



<210> 122 
<211> 372 

<2i2> inrjv 

<2i:i> ICORID OapifiAB 



<403> 12^ 

eatgxxgcccc caaagcgnag ^*&actL:3ac 
acCGCLocut kgtTccaccca rcmatacrc 
tagatie^t? catctatoUi --c:;at:cCazo 
tetczc^cc eigoLLttnb^ ncr.txmccic 



ccagtgtcac aaaarggcow LLiiatrgaaTt 60 
acLgtctgga. ttraitflCfti^. atagtaaaic t25 
tntctatcta titarctetc ta^otgtgiia -.83 
B9tt;ctl:ca& Lt^catata atgagaaaat-. 243 
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ggrtata!i^t tcctqacingc r.giinttrtcca 
acraacattgr. cact-tctugg ttatLucunc 
Lt-^ggnggrr^ ca 

<210> 124 
<211> 24-2 
<ai2> CNA 
^311^ v i]omo ^sapiens 



40 

tagt*gr.goc aaiKiiXtjttqf: aorancAggg iCO 
aatgcttncc uttunccnha a«tt:;Raatt 360 

a12 



<4Q0> 124 

agctacagca aact^catgc gacaaaagcc 
Agatagatga raga::oLC|aLa saui^^gATaca 
ganaragatt ctctt:tet<?t qcahtc^&t 
i:iaac::cruag cct:gcc&ggc h&ccatggcoi 



acacccabaa r.rt-.rtrTicct ctagaragaz fO 
rairgibaq&ta gatagaUwaa Lasf^Uagata 12 C* 
cLat:a;;tLCt gtcctlC'i-Ct taafct-.atggg 18 G 
aqfiCAacctC Lattzctctt: -tctcctggc 240 



.:210> 125 
.;21L> 325 
•&212> DNA 

<213> Hcnc aapienc 



<400> '^7i'$ 

gtgggaggaa gccagtgcat ttiggaaacag 
tgcctgoctL ijuLLcczfccc ttftct-tcctt 
st.cctrtaac ttAct^aata aczc&ttatt 
ctagggatgt aggcatgaac aczg«:iuuugg 
flgayt-g^g**^ aggg^iagaag cca^caaatg 
aftgaaacgaa pgcarcgatg toaca 



auu-ggcttg gccttqcctrr cetf5czzgcc ^0 
scttcctccc L.ocLLuuLL ccctcczgca 120 
angggccnoo L^jcatyqtianc a-grlviggta 180 
gnctccg<KT^i c-ggcatzct ggtaggaaaa 240 
catoaaciaag aaacagtzct aagrgctaj^yj^ ^Q0 

y2b 



<?,20> 126 

<211:r 269 

<212> Jyim 

<2l^» Homo s^iexia 



<40Q> lie 

aaagcCQLutt Lzgtaccact gcactcca^^c 
aaa<|aa$i4ta ggaaggaagg aacy^aaggaa 
aggtagaaag agageiagalL LLLutncggg 



ccgggcaaoa gaataagazt ctgtrgaagg 60 
ggoa^ygRAgg aaggaaggaa ggaag^agag 120 
taazgggtgc acoaaaacat cagaaatcac 130 
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t?rct.aaagaa cttattcatii taaccaaoac e#i«ct:gtt.cc tiaaaaacct: att:gaaa*.aa 200 
anacagccacj ui^agai^atjfiiA Agaggni^t^ 2f.*j 



<210> 127. 
DMA 

<213% Hunic nApi«iTi8 



<4C0> X21 

Hsagtc-tca aa.qfiatcchg aagtCa^LcL 
caacaaaoLya L'.U<»aacagt gtxtGa^trH;=a 
gcLuai^Lijcn arcncgagat CnfAtctgcca 
tct:tA4kttab ggagatagCL aL^trt^ic^t 
gcasuiacaak czatcCatut ntat.ctat&t 
a-c-ahcrat cratcatctc atatgtgLiu 
nqaaa^gaa a'.aLLtl: 



taagccagca ttiiihtaansc rcra&gaagg 60 
tggtgacrct gasaccagsg LLyLttnact. 12C 
tsaUai!ja:.ag cttCGtagoc i:::ant.taggt IBC 
Gtgbcanagg gctgat£jag<g tgaaataiLL 
dtatcta^Cv ^ll:uLaLI:k£t. nhotctaiet 30<: 
ttgtcgaggz Cgtt?:Rr»g«t. atccce-agg 36C 

377 



<3X1.« J 44 
<212> DNA 
•f*^!?*' Horns gapiezLS 



ttt:.Tga.=-gg aaottAaact gtT;cgtta-c 
aaccacazac Ucagcac-rr: tgggtccci^ 
gar.t.tctcfra t<tc2cgttatt gtgtgagtca 
atctgtdgat ggatagaaca L^ahag^itag 
ag&Lagarjig !itagata<|at utgtttcro 
tttrttctttt ttstttartt cattgotauc 



chhgttctca gacctttgaa cccagacLua so 

gctrgcca^^g LgcccaagT;g cagatcthcg 121> 

actcctrq-t ahaaaattat atatacata^ 130 

atacjataggt agatagatay atagatagai 240 

Lggagaaczo taat^«acir.t-. gcccacaotc ^00 

ticaccttcig aaat: ^44 



<21C> 129 
<211> 372 

<212> Homo sapiens 



<«00> 129 

aaagcLuaut ccan ttagg ta$rgtagaca aaUncgtagg taggti^aca qnc«gj»icasa 60 



wo 99/14375 



47 
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ctagata^aL cjcj»>;a<xacta gata<^ahng<i 

jKiaLuvaLag Htagat^gat agaL«cratag 

t^l^qgacatct tagtZtCtLL c|L::actCtCt 

tatcacaagd <ld'-^^^i'!i<A}fsaH cc-aatatau 

aggtacaaar; ftttaccatca cttccoLLfcg 

<2XX^ 355 
<.2'LZu DNA 
•c213> Kcric sapiens 



t-acgtaeata cat^agatag at ay at agar. \20 
ataga-agat agagacarat ttaijaanatt 160 
g&arkggaac tataa&a&at actctzttac 240 
tgccactgct cLHtctcaar agtgacagcc 300 
ggctcrgap!. qt:cj^:f:r.tecc tgcaQCcacc 3dC 

372 



vtacctaaaL ijL:.)tc:t(»g;] rcatacctaa 
r.tcrcccccc «ttftc«.gggc agttgLLtut 
ttgag^^gaua yaar-azctat c^gtctctt.nt 
caiLaLcLut rhar.c-atct acctatct;at 
gaacacacjac tiaa^gzaggt c-uLaactagg 
cct^oacccr. agagg^iggaa uutant-.ncct 



atctcLuLcL ctc!t:t-ctcC ctn'-ii-ctcc 00 
agcotatat.R -caatrtgao btt57a7gtrt 12C 
a.tct£itccat ccatocaLcU atcatftr-urt 18C 
cLdLLatatct atctazcGliq cht-.rr.ct^iga 24C 
a.tccnr.-ccc cactaag<r.at ngtr.cagcgu 30C. 
ttctttcccc ::g9£ia.cuaL: tigrnr. 35S 



<:2i0> ly^ 
<2X1> 320 
<21^> niCA 



<400> 13J. 

taastgtaac atCtgcUica argkMataa 
hiihhi;gaaca r<vt^fizcaaa tattgtLaaa 
gaatt*tatt ^aatt^tatt ULLLahttta 
gagLu'.Lgch ct^cgccca n<^ct&9A9tg 
tbCisczeccg ggrtcaayua «ttctcottc 
<^tgtaocac t;ui£:gccrigck 



ccaaat^zc Latg^ggtgg -gtaaracea 60 
gagacacoat tiaangaaaga atgasccttg 12 D 
Tttabt^tt tatt^caUtLa Lbtagagaca 180 
caakggcarg atctcgs^tr acrcgcaattt 240 
frtinagccttc cac^tagctg gg&tL^uagg ^00 

320 



<210> 132 
<2:.lv 159 
<212> TSflh 
<213> iTomo sapiend 
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ttfla^ljtcyc nagnr.gRftct agcgtlttcc 
tttcttttct tttcvccctt ticaagacagg 
gtggrgcaat ca'jggLLLu:: kgrs^gcczca 



tttctLLLu;j Ur.tctcttct tttctrtcct sc. 
LLcLcHcnch crtcacicagg ciagagtgca i20 
Acttrctgg 159 



<'21l>> 1^3 
<211> 27.^ 

s213^ HCloa £*u:jiazici 



<400> 12.^ 

uacaggBhca Atggar^cac £i.:^qtagata3 
aqabagacag atagacagao agacagaoa:^ 
g^ga^XCag otcaoiyLgat: at-.ggaggc^rT 
ggngacccag g^acactagg ac-cacggcLc 



aLagatagat acat^ataq &i*.aqanagat GO 
iiragacagac ac-atgacagg ggatctatta 12C 
aaaaaCcccH LS;-ac:agtcca cc^gcaagct 18C 
agtccag^tc naaa^grca 22$ 



<210;' 134 
<;?-_l> 379 

c213> Koaxi nap^ens 



<400> ^-31 

agcr.ca.'.tat. ar^ctccacarj a-tgaac^ea 
agagcatgac lagcacaaiic tcatgcLLcc 
tttggggaLL uc^gggtigcag trgciaaazcc 
ctagca&tag cctactgttg aetggaagcc 
casacacaca Cdcjoaoacii cacacacaca 
chbgr.r.ctgt tgcccaggct ggagtncapt 
ctccrgc^tt eugcggtt 



bccatgLaiic L'iitT<:a=cf:ag Ht-.h^Bgaaac 62- 

hr.trtagacac tacagt^ac tcttaaata** i:>0 

aagi:aLtfatx. tcg^ccccct gcuiaacprtiaa iQi) 

LULct:gact7 actaoataac (T&caeacaca 240 

cacacacata CaLaLablitt gagatgcagt 330 

^cacgaL<:z cgj^xacrg caacctocQC 360 

379 



<21D-.- iJb 

<21Z.?' 3B7 

<212> DMA 

<ai3> HoifeC dOpluM 



<409;» 133 
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gaaCLaLuac ccfc^^ai^tg&t c^acagcaqo 

LLcL^^aag ahnhf^AC^n tgtnacacac 

fi&tgracacg gtcctaaaaa UyL'^'aacagg 

tQttatagg;^ accLLuauLsT ^iqnat/aaagt 

tzgactgctL aaactgaagh c:a:iacaagcH 

aiLL:L{jidU9» cagacctgzg cagrag^tiar: 

9c2t.hac!agn9 atgaicgataa cccAjjct 



ar-ngccaaa ttctatttt^j tggaaaaa'-a 60 
aracacacac acaci^cacac a;;acaaacac! ::>.'> 
ttccitcgcn qgaggsat-rc ccagtgtzrt ie:) 
gataatagca gtggtaaDgc' aaa*.gV.th-.a 24? 
ktatctcact ctitttiatAfi arar.tattta 30 5 
»3ttatgt£jg tacacagar-g* agaaactgu^r .i^T/ 

30 



